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nt recently the general opinion was held that ulcer 
tif was primarily caused by the presence of hydro- 
lotic acid on the surface of the ulcer. 

Present invest:zations'? on the relationship of 
idity and muscular activity to ulcer pain have led 
the following concept of its etiologic factor: 

“.-. abnormal motility? is the fundamental 


ours" Mi€chani-m through which ulcer pain is pro- 
ss requ’? @iiced. | or the production and perception of 
uber ps) there must be, one, a stimulus, HC1 
OF othe:. less well understood; two, an intact 
MOtor e supply to the stomach and duo- 
denun ree, altered gastro-duodenal motility ; 
amd | in intact sensory pathway to the 
ced—12 LU cortex,” 


al \pplication of Pro-Banthine® 
antic has been demonstrated consistently to 
permotility of the stomach and intestinal 


bnormal Motility as the Cause of Ulcer Pain 
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THE USE OF CORRECTIVES IN THE PREVENTION OF 
BARBITURATE INTOXICATION® 


By THeopore Koppanyt, Ph.D. 
PROFESSOR OF PHARMACOLOGY, GEORGETOWN UNIVERSITY SCHOOL OF MEDICINE 


AND 


JoserH F. Fazekas, M.D. 
CHIEF OF STAFF, DISTRICT OF COLUMBIA GENERAL HOSPITAL, WASHINGTON, D. C. 


Tue term “corrective” in modern 
therapeutics has become obsolete 
largely because it was thought to be 
a concept of empirical rather than of 
rational therapeutics. This term should 
be redefined, particularly in view of 
the introduction of potent, effective, 
and potentially toxic therapeutic agents 
that produce many undesirable side 
actions which may be prevented by 
the simultaneous administration of 
another drug. A corrective is a drug 
that protects the patient against the 
undesirable side actions and/or the 
overdosage of another drug without 
interfering with the intended thera- 
peutic effect of the latter. The present 
paper deals with the use of correctives 
in the prevention of acute barbiturate 
poisoning. 

here are 3 possible ways to ap- 
proach the problem of the preven- 


tio. of acute barbiturate poisoning: 
|, Corrective A: One would be 
to interfere with absorption from 


the gastrointestinal tract by utilizing 
agents that produce vomiting or diar- 


rhea, or to increase the rate of destruc- 
tion of these compounds in the lumen 
of the gastrointestinal tract. 2) Cor- 
rective B: The second would be the 
employment of antagonists that would 
enhance the elimination or metabo- 
lism of the barbiturates after they have 
been absorbed. 3) Corrective C: The 
third approach would consist of the 
use of physiological antidotes which 
either stimulate at the same sites which 
barbiturates depress or act as competi- 
tive biological antagonists for identical 
enzyme centers. Corrective drugs, de- 
pending on the site and method of 
action, must fulfill certain criteria in 
order to be clinically valuable in the 
prevention of barbiturate poisoning. 
1. CORRECTIVE A. Agents designated 
as “Corrective A” must possess the fol- 
lowing characteristics: 1) They should 
not interfere with the intended thera- 
peutic effects of the barbiturates, that 
is, in small doses they should not cause 
emesis or catharsis or chemically react 
with the barbiturates. 2) The ingestion 
of large doses of their combinations 


' Tetrobrarb combinations were supplied by Strong Cobb & Company, Inc., Cleveland, 
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barbiturates must produce 
diarrhea by local irritation. 

They must not pede severe gas- 
eth nteritis or colitis. 4) They may pro- 
chemical ie with double 
decomposition of the barbiturates in 
the gastrointestinal tract. 5) They 
should be non-absorbable because by 
their very nature they are irritating or 
toxic If they are absorbed in 
trace amounts, they should produce 
no chronic toxicity (cumulative ef- 
fects), either by themselves or in the 
presence of barbiturates. (6) Finally, 
this nature should act 
promptly so that absorbed barbiturates 
will not depress the vomiting center 
or gastrointestinal motility. 

Several drugs of this category have 
already been tried in the prevention 
of barbiturate poisoning, but they have 
not been recommended for clinical use 
they failed to meet some of 
the above criteria. Radomski et al.*' 
showed that ipecac did not produce 
prompt emesis in the presence of large 
barbiturates. Upon repeated 
administration, it was absorbed and 
produced liver damage and bone mar- 
row hypoplasia in dogs. Zinc salts 
(Miskimon and Miskimon'’), in com- 
bination with large doses of barbit- 
urates, produce prompt emesis but be- 
cause of their chronic toxicity they 
were never adopted clinically. Our un- 
published data indicate that ‘the simul- 
taneous oral administration to dogs of 
magnesium sulfate or sodium _phos- 
phate with pentobarbital sodium in a 
ratio of 20 to 1 did not interfere with 
the onset of barbiturate anesthesia all- 
though in the majority of the cases 
copious diarrhea ensued. Hatcher’? 
has shown that some but not all bar- 
biturates are oxidized by KMnQ,. 
The utilization of oxidizing agents is 
not feasible because therapeutic doses 
may be destroyed by such powerful 
agents, and also the absorption of 
either excess of oxidizing agent or of 


duce 


drugs. 


agents of 


because 


doses 
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the oxidation products may give rise 
to undesirable, if not dangerous, ef- 
fects. Although it would not be im- 
possible to manufacture tablets or cap- 
sules containing a chemical antidote 
or an adsorbent and a barbiturate in 
separate compartments, the above ob- 
jections would still hold. 

Finally, the incorporation of barbi- 
turates in a non-digestible substance 
(chicle) might be Chicle 
containing barbiturate would have to 
be chewed until all of its barbiturate 
content is liberated into the oral cavity. 
To commit suicide or fall victim to 
“automatic ingestion” of barbiturates, 
the individual must continue chewing, 
and this may be impossible because 
of the soporific effect produced by the 
absorbed, non-fatal dose of barbi- 
turate. Chicle or similar substances are 
indigestible so that if swallowed, at 
the most only an insignificant amount 
of the barbiturate would be absorbed. 
To our knowledge, this method of bar- 
biturate administration has not been 
attempted, and it may prove to be im- 
practical. 

2. CORRECTIVE B. Drugs that enhance 
the elimination or increase the meta- 
bolic destruction of barbiturates might 
also be incorporated into pharmaceuti- 
cal preparations of a barbiturate, pro- 
vided they fulfill the following criteria: 

) They should be absorbed simultane- 
ously or almost simultaneously with the 
barbiturate. 2) They should not pro- 
duce nausea, vomiting, or diarrhea. 
3) They should not nullify the effects 
of therapeutic doses of barbiturates; 
however, they should protect against 
larger doses of barbiturates. 4) They 
should not produce untoward, acute or 
chronic effects of their own. 

Hitherto, no drugs have been dis- 
covered that can enhance either the 
elimination or the metabolic destruc- 
tion of barbiturates. It is true that 
massive intravenous saline or glucose 
infusions® dialysis by means of an 
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CORRECTIVES PREVENTION 


artificial kidney’®*° may increase the 
elimination of barbiturates, but such 
procedures hardly come within our 
purview. It is conceivable that* an 
agent may be discovered which will 
selectively inhibit the tubular reab- 
sorption of barbiturates and thus in- 
crease their renal elimination. Drugs 
are already known that inhibit car- 
bonic anhydrase and thus favor the 
elimination of sodium and potassium’. 
Similarly, phlorizin inhibits phos- 
phorylating enzymes within the renal 
tubules enhancing the elimination of 
giucose'’. Probenicid (Benemid) pro- 
duces a highly selective suppression of 
the tubular reabsorption of urates* 
Although Blau' has stated that 
thyroid rats recovered earlier than con- 
trols from sodium amytal anesthesia, 
for obvious reasons thyroid prepara- 
tions could not be used as barbiturate 
correctives. It is possible that less toxic 
and more quickly acting agents may 
be found. At any rate, sails drugs 
accelerating the elimination or meta- 
bolic destruction of barbiturates are not 
available at the present time. 

3. CORRECTIVE C. Physiological antag- 
onists to barbiturates have long been 
used but only for counteracting an al- 
ready existing coma and not for its 
prevention. C Yombinations of physiolog- 
ical antidotes with phi irmaceutical 
preparations containing barbiturates 
must fulfill the following desiderata: 
The antagonist should be absorbed 
approximately the same rate as the 
barbiturate, and following absorption 
their onset of action should be about 
same. 2) They should not be irri- 
toting to the mucosa of the alimentary 
trcct. 3) Their action should be such 
that when administered with barbi- 
tates in mixtures of fixed proportions 
should not interfere with the in- 
‘d the rapeutic effects of barbi- 
es, but in case of overdosage they 
pe lighten the coma and prolong 
lite, The duration of action of the 
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antagonist on the central nervous sys- 
tem should not be wholly out of pro- 
portion with the duration of action of 
the barbiturate. It is not deemed nec- 
essary that the duration of action of 
these 2 drugs should be exactly the 
same; all that is necessary is that the 
patient should be less depressed and 
more amenable to treatment. 5) The 
antagonist should cause neither acute 
nor chronic toxicity by itself or in com- 
bination with a barbiturate. 6) The 
corrective should not be habit forming 
or an addiction liability. 

From a practical viewpoint it is also 
desirable that all suitable correctives 
should be readily available in sufficient 
quantities for manufacturing use, and 
their price should be within the reach 
ot the general public. 

This report deals more specifically 
with the employme nt of barbiturate 
correctives of the central analeptic 
type. Among the many central analep- 
tics used, picrotoxin and_pentylene- 
tetrazol have been found experiment- 
ally and clinically to be the most effec- 
tive in the treatment of acute barbi- 
turate intoxication. Experimentally cor- 
iamyrtin was also found to be very 
effective. This drug was the first to 
be effective in the prevention of bar- 
biturate poisoning after intravenous in- 
jection to dogs receiving simultaneous 
anesthetic and supra-anesthetic doses 
ot pentobarbital sodium'*. However, it 
is relatively unavailable and _ clinical 
data are lacking. 

We have investigated the possibility 
of incorporating central stimulants into 
solid pharmaceutical preparations of 
barbiturates. If the corrective in ques- 
tion failed to show functional useful- 
ness, its other properties were not in- 
vestigated. 

Nikethamide was eliminated because 
its most readily available form is un- 
suited for incorporation in solid phar- 
maceutical preparations of barbitur- 
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ates, also because its functional use- 
fulness is doubtful (Table 1). 

When caffeine was administered 
orally to dogs in doses of 150 mg./kg. 
simultaneously with 35 mg./kg. 
of pentobarbital sodium, convulsions 
developed without interfering with the 
depressant effect of this barbiturate. 


Corrective 
Pentobarb. 


a Dose No. 
(mg./kg.) Drug (mg./kg.) mice 


150 None 0 43 


0 Amphetamine 40 6 
0 50 6 
0 sid 150 5 
0 200 6 
150 50 7 
150 150 7 
150 200 6 
0 Caffeine 600 3 
150 600 6 
0 Dexedrine 50 3 
0 si 150 3 
150 ‘i 50 6 
150 150 3 
0 Nikethamide 450 3 
0 ‘is 950 3 
0 af 1900 5 
150 450 4 
150 i 950 6 
150 1900 2 
0 Pentylenetetrazol 200 10 
0 450 10 
150 = 200 10 
150 = 450 46 
0 Picrotoxin 10 12 
150 10 12 
0 Strychnine 5 6 
0 4 10 3 
150 - 5 3 
150 = 10 6 


7 Average time. 
* Overnight. 


When a combination of 125 mg./kg. 
of caffeine and 35 mg/kg. of 
pentobarbital sodium was admin- 
istered, the dogs behaved exactly as 
the dogs receiving 35 mg./kg. of pento- 
barbital sodium alone. 

Berger? employed a method of 
assay of central analeptics in mice in- 
volving the simultaneous intraperi- 
toneal injection of a central stimulant 
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and a depressant. He showed that pic- 
rotoxin administered simultaneously 
with fatal doses of pentobarbital pro- 
tected the animals. We have used this 


procedure to evaluate critically the 


protective action of several commonly 
used central analeptics as correctives. 
Table 1 shows that only picrotoxin and 


TABLE 1.—TOXICITY IN MICE OF PENTOBARBITAL SODIUM ALONE AND 
WITH CORRECTIVE COMBINATIONS 


Recovered Died 
Timet Timet Mortality Corrective 
No. (min.) No. (min.) 0 value 
1 573 42 12 98 
6 0 
2 O.N.* 4 O.N.* 67 
O.N.* 100 
6 22 100 None 
7 ll 100 
7 5 100 
6 3 100 
3 11 100 None 
6 - 100 
8 O.N.* 0 
3 8 100 
6 ‘9 100 None 
3 3 100 
3 rf 100 
3 7 100 
5 4 100 
4 25 100 None 
6 13 100 
2 2 100 
10 4 100 
10 1 100 Marked 
10 O.N.* 0 
36 300 10 22 
12 20 100 Definite 
9 350 3 243 25 
6 vi 100 
3 3 100 None 
3 ll 100 
6 19 100 


pentylenetetrazol protect mice against 
one fatal dose of pentobarbital sodium. 
Caffeine, strychnine, nikethamide, am- 
phetamine, and Dexedrine all failed to 
offer significant protection. In fact, in 
many instances the survival time ap- 
peared to be shortened. This is in 
agreement with results reported by 
Barlow’ relative to the antidotal values 
of various analeptics in rabbits poison- 
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ed with sodium barbital. He found that 
nikethamide, strychnine, and caffeine 
were of questionable value in the 
treatment of even lighter grades of 
barbital poisoning. Occasionally the 
toxic effects of the antidote were ad- 
ditive with those of the hypnotic. Of all 
the analeptics studied, only picrotoxin 
and pentylenetetrazol offered sufficient 
protection to warrant consideration as 
barbiturate correctives. Because of. its 
delayed onset of action in the central 
nervous system, picrotoxin may not be 
the corrective of choice for the majority 
of barbiturates of which the onset of 
action is instantaneous following ab- 
sorption. It may prove to be more use- 
ful as a corrective for hypnotics that 
exhibit a similar delayed onset of ac- 
tion such as barbital or phenobarbital. 
Pentylenetetrazol appears to fulfill all 
the desiderata outlined for a suitable 
corrective of the central analeptic type 
(Corrective C). It is absorbed at ap- 
proximately the same rate as the bar- 
biturates, and its onset of action is 
approximately the same as that of the 
intermediate and short-acting barbitur- 
ates. In dogs its simultaneous adminis- 
tration with anesthetic doses of bar- 
biturates (including phenobarbital) 
prevents or delays narcosis. Similar ob- 
servations have been made in humans 
with reference to pentobarbital so- 
dium?%, 

Pentylenetetrazol is not irritating to 
the mucosa of the alimentary tract. It 
has been administered to humans in 
therapeutic doses (200 to 400 mg.) 
t.id. for several months without symp- 
toms of gastrointestinal irritation®. In 
rats and in’ dogs, its daily administra- 
tion for 90 days in doses of 90 mg./kg. 
produced no histopathological changes 
in the gastrointestinal tract, nor was 
there vomiting or diarrhea!®??, Vomit- 
ing may occur in dogs and in humans 
following large doses of pentylenetet- 
razol, but its delayed onset indicates 
a direct effect on the medullary vomit- 


ing centers rather than a local irritat- 
ing effect on the gastrointestinal tract. 
This is further substantiated by the 
observation that intravenous injections 
of barbiturates promptly relieve such 
nausea, retching, and vomiting. 
When pentylenetetrazol is combined 
with pentobarbital sodium or secobar- 
bital sodium iti the proportion of 3:1 
and with phenobarbital sodium in a 
proportion of 3:2, it did not interfere 
with the effects of sedative or hypnotic 
doses of these barbiturates. This anal- 
eptic in small doses does not stimu- 
late the sensorium: an effect that has 
been noted with caffeine and the sym- 
pathomimetic amines. In fact, it has 
been stated by Swenson and Grimes™* 
that when pentylenetetrazol is admin- 
istered to elderly subjects in doses of 
60 mg. 3 times a day for a period 
of 30 days, their subjects experienced 
less difficulty in going to sleep and ap- 
peared to sleep in a more restful man- 
ner. Placebos administered in a 
similar manner produced no_ such 
effects. In our own experience, normal 
subjects given 0.5 to 1 - of 
pentylenetetrazol orally actually fell 
asleep while electroencephalographic 
tracings were being taken. Sleep 
spindles were noted in subjects who 
received from 500. to 700 mg. of 
pentylenetetrazol. As previously noted 
in dogs’* and in mice (Table 1), there 
can be no doubt that pentylenetetrazol 
can lighten the depression and pro- 
long the life of the experimental ani- 
mals. It can save the lives of mice re- 
ceiving an LDg» dose of pentobarbital 
sodium. In humans ingesting 45 mg./ 
ke of pentylenetetrazol and 15 mg./kg. 
of pentobarbital sodium (the critical 
ratio of 3:1), there was an appreciable 
delay in the onset of sleep. When 
— occurred, the subjects could be 
easily aroused. Thus, it is apparent 
that pentylenetetrazol does not nullify 
the effects of therapeutic doses (Table 
2) but protects against overdoses of 
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the barbiturates in the above-recom- 
mended ratios. 

In connection with the problem of 
duration of action, we have determined 
the average oral convulsant dose of 
pentylenetetrazol in dogs and in hu- 
mans. There was not as much differ- 
ence as might be expected. The aver- 
age human oral convulsant dose of 
pentylenetetrazol is 45 mg./kg. while 


doses of pentylenetetrazol (20 to 40 
mg./kg) was over 4 hours in humans, 
while that of convulsant doses extend- 
ed over a period of 6 to 24 hours. 
Indications of the persistence of 
pentylenetetrazol effects are insomnia, 
excitement, retching, vomiting, and 
convulsions. Pentylenetetrazol, when 
taken orally in large doses, does not 
have the evanescent effect usually at- 


TABLE 2.—COMPARISON OF SOPORIFIC ACTION OF PENTYLENETETRAZOL AND 
PENTOBARBITAL SODIUM WITH PENTOBARBITAL SODIUM ALONE 


Sleep pattern 
Patient Pentobarbital 
No. Diagnosis Tetropentobarb** Na (100 mg.) 
5/10/53 5/11/58 5/12/53 5/13/58 
| Myocardial infarction Slept well Slept well Slept well* Disturbed 
2 Myocardial infarction Slept well Slept well Slept well Slept well 
3 Myocardial infarction Disturbed Disturbed Disturbed* Disturbed* 
2 capsules 
4 Myocardial infarction Slept well Slept well Slept well Slept well 
5 Myocardial infarction Slept well Slept well 
6 Congestive heart failure Slept well Slept well 
7 Pulmonary infarction Disturbed Slept well 
8 Digitalis intoxication Slept well Slept well 
9 Carcinoma, lung Slept well Slept well Slept well* Slept well 
10 Probable carcinoma, lung, Slept well Slept well Slept well 
with metastasis 
11 Tuberculosis Slept well Disturbed Disturbed 
12 Carcinoma, esophagus, Slept well Slept well Slept well 
terminal 2 capsules 
13 Delirium tremens; alcoholism Slept well Disturbed Slept well Slept well 
14 Alcoholism; emphysema Disturbed _Disturbed* 
15 Fever, unknown origin Slept well Slept well Slept well Slept well 
16 Carcinoma, stomach Slept well Slept well Slept well 
17 Possible meningitis Slept well Slept well Slept well— 
Demerol q. 4 hr. 
18 Arthritis Slept well Slept well Slept well 
19 Auricular fibrillation; Slept well Disturbed 


fractured clavicle 


* Dosage repeated when patient failed to sleep. 


** Tetropentobarb is a combination of 300 mg 


sodium. 


. of pentylenetetrazol and 100 mg. of pentobarbital 


that for the dog is 75 mg./kg., al- 
though we have seen convulsions in a 
dog receiving 50 mg./kg. The onset 
of pentylenetetrazol action is rapid in 
both species, and its persistence of 
action depends on the size of the dose. 
The central excitatory effects of a 
convulsant dose of pentylenetetrazol 
may persist up to 8 hours in dogs. The 
duration of action of oral subconvulsive 


tributed to relatively small intravenous 
doses. A curious phenomenon with 
reference to the duration of action of 
pentylenetetrazol was encountered in 
mice receiving intraperitoneal injec- 
tions of 450 mg./kg. of pentylene- 
tetrazol combined with 150 mg./kg. of 
pentobarbital sodium. Following com- 
plete recovery from the barbiturate 
depression, an occasional mouse show- 
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ed repeated tonic spasms indicating 
persistence of pentylenetetrazol action 
beyond that of pentobarbital sodium 
at this enormous dose level. In our 
experience the duration of action of 
orally administered pentylenetetrazol is 
such that it confers protection for a 
sufficient length of time to be of value 
as a corrective against barbiturate 
poisoning. 

Sloane and Latven?? administered 
pentylenetetrazol and its critical com- 
binations with 3 barbiturates intragas- 
trically to rats for 90 days. The dose 
of pentylenetetrazol alone was 90 
mg./kg. for each rat. The dose of pen- 
tobarbital sodium was 30 mg./kg. in 
combination with 90 mg./kg. of 
pentylenetetrazol. The dose of seco- 
barbital sodium was 30 mg./kg. in 
combination with 90 mg./kg. of 
pentylenetetrazol, and the dose of 
phenobarbital sodium was 45 mg./kg. 
in combination with 90 mg./kg. of 
pentylenetetrazol. No untoward or 
deleterious effects could be detected 
following gross examination or histol- 
ogic study of the tissues of these rats. 
Livingston and James'® performed 
similar experiments in dogs, administer- 
ing pentylenetetrazol alone and in 
combination with secobarbital sodium 
for 90 days. They were unable to de- 
tect hematological or histopathological 
changes of the tissues (including the 
various portions of the central nervous 
system ) following daily administration 
of 100 mg./kg. pentylenetetrazol alone 
and in combination with 33 mg./kg. 
secobarbital sodium. 

The following ,combinations have 
been administered to human subjects 
caily for one year: 300 mg. pentylene- 
tetrazol and 100 mg. pentobarbital 
sodium; 300 mg. pentylenetetrazol and 
100 mg. secobarbital sodium; and 150 
mg. pentylenetetrazol and 100 mg. 
phenobarbital sodium. No untoward 
effects have developed as judged by 
the behavior of the patients as well as 


by the periodic examination of their 
hemogram and urine”. 

As far as long-term human experi- 
ments indicate, there is no evidence 
that therapeutic doses of barbiturates 
in combination with pentylenetetrazol 
are either habit-formers or addiction 
liabilities. Certainly there is no evi- 
dence that even larger doses of 
pentylenetetrazol are addiction liabil- 
ities. There is no reason to expect that 
the combinations of pentylenetetrazol 
and barbiturates are more habit-form- 
ing or have greater addiction liabilities 
than barbiturates alone. The pioneer 
studies of Fraser et al.’ should be re- 
peated, using appropriate doses of 
pentylenetetrazol and barbiturates, to 
determine if this combination is an 
addiction liability. 

It would appear that pentylenetetra- 
zol meets the specifications for an ideal 
corrective more closely than any other 
available agent. 

Discussion. Central stimulants (ana- 
leptics) have long been used in the 
treatment of acute barbiturate intoxi- 
cation. Their employment, however, as 
additives (correctives) to pharma- 
ceutical preparations of barbiturates in 
order to prevent or minimize the 
dangers of overdosage is the novel 
concept discussed in this paper. It 
has been common clinical experience 
that the prognosis of acute barbiturate 
poisoning to a great extent depends 


‘upon the time interval elapsing be- 


tween the ingestion of the poison and 
the initiation of treatment: whether 
symptomatic or analeptic. As early as 
1936, Gros and Hofmann® demonstrat- 
ed that rats receiving an LDjoo of 
barbital sodium recovered if given 400 
mg./kg. of pentylenetetrazol 30 min- 
utes following the administration of 
barbital. If the administration of 
pentylenetetrazol was delayed one, 
two, and three hours after barbiturate 
administration, the life-saving effect of 
pentylenetetrazol decreased as_ the 
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time interval increased. Their data are 
condensed in Table 3. 

It should be obvious that the most 
appropriate time to administer central 
analeptics with barbiturates would be 
at the moment of their ingestion. Pa- 
tients who take toxic or fatal doses of 
barbiturates may not be discovered 
for several hours, or even days, follow- 
ing the onset of barbiturate coma. A 
series of experiments was undertaken 
to determine whether the simultaneous 
administration of central stimulants 
and barbiturates would have a signifi- 
cant antidotal effect without interfer- 
ing with the intended therapeutic 
effects of barbiturates. This was the 
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noted that a weak central stimulant 
(para-hydroxycamphor) may by itself 
induce sleep even though it antagon- 
izes barbiturate depression. In large 
doses pentylenetetrazol antagonizes 
the action of barbiturates wherever 
they act. This is in contrast to several 
other drugs which antagonize barbi- 
turates only by selective stimulation 
of cortical and other specific centers. 

There is little doubt that in order to 
counteract the effects of severely toxic 
doses of barbiturates, pentylenetetra- 
zol must be administered in amounts 
capable of producing convulsions. This 
does not mean that convulsions should 
actually be manifest, but merely that 


TABLE 3.—EFFECT ON SURVIVAL OF RATS OF VARYING THE TIME INTERVAL 
BETWEEN SUBCUTANEOUS ADMINISTRATION OF BARBITAL SODIUM (400 
MG./KG.) AND PENTYLENETETRAZOL (400 MG./KG.)® 


Time 
interval No. rats 
(minutes) used 
30 10 
60 10 
120 10 
180 10 


case when pentylenetetrazol was em- 
ployed as the barbiturate corrective. 
This antidotal effect might be inferred 
from the results of Gros and Hofmann®. 
We have shown that pentylenetetra- 
zol protects against barbiturates wheth- 
er given orally or intraperitoneally. 
Orally-administered pentylenetetra- 
zol in small doses does not have a 
strong central excitant effect; indeed, it 
tends to produce relaxation and sleep. 
That is probably the reason small 
amounts of pentylenetetrazol do not 
interfere with the effects of therapeutic 
doses of barbiturates. Perhaps pen- 
tylenetetrazol in small or moderate 
doses stimulates the sleep center; 
whereas barbiturates depress the center 
for wakefulness so that at low dosage 
levels no antagonism between these two 
drugs becomes manifest. Ogawa’? 


No. rats = Mortality 
surviving % 
10 0 
8 20 
4 60 
2 80 


the dose should be capable of produc- 
ing convulsions in the absence of anti- 
convulsant concentrations of _barbi- 
turates in the central nervous system. 
The critical ratios between pentylene- 
tetrazol and barbiturates must be 
based upon their mutual antagonism. 
When pentylenetetrazol was given to 
dogs in doses 4 times the convulsant 
dose combined with a single anesthetic 
dose of pentobarbital sodium only mild 
or no convulsions were noted. 

The ratio of 3:1 proved to be satis- 
factory because after the administration 
of toxic doses of the combination, it 
prevented pentylenetetrazol convul- 
sions as well as pentobarbital anesthe- 
sia. Apparently a similar protection 
holds for secobarbital sodium?*. In the 
case of a combination of pentylene- 
tetrazol and phenobarbital sodium, a 
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ratio of 3:1 was found to be too high. 
On a weight basis, phenobarbital is 
acutely less toxic than pentobarbital 
and also its onset of action on the 
central nervous system is slower. Our 
studies have indicated that the proper 
ratio is 3:2 for pentylenetetrazol and 
phenobarbital sodium. It may be infer- 
red from the work of Gros and Hof- 
mann*® that the ratio of pentylenetetra- 
zol to barbital sodium is 1:1. 

In studies on human volunteers, the 
pentobarbital sodium-pentylenetetrazol 
combination was ingested by some sub- 
jects in doses of barbiturate up to 15 
mg./kg. (total doses up to 18 grains). 
Some authors’? have considered 
doses of this magnitude to be fatal. 
There are many patients hospitalized 
for acute barbiturate intoxication who 
consumed less than this dose. Assum- 
ing that 2 or 3 times the above dose 
of pentobarbital sodium represents the 
LDs9 for humans, they would receive 
2 or 3 times the average human con- 
vulsant dose of pentylenetetrazol if 
the recommended ratio of 3:1 is in- 
gested. It is reasonable to assume that 
the protection seen with 45 mg./kg. of 
pentylenetetrazol vs. 15 mg./kg. of 
pentobarbital sodium would be mani- 
fest if these heroic doses of each drug 
were doubled or trebled. 

This safety factor was demonstrated 
recently in a volunteer who took 12 
Tetropentobarb capsules at one time 
(equivalent to 3,600 mg. of pentylene- 
tetrazol and 1,200 mg. of pentobarbital 
sodium) during the daytime. Neither 
stimulation nor sleep was noted for 10 
hours following ingestion, and normal 
sleep followed at night. No untoward 
effects could be detected at any time 
during close observation over a period 
of several days. 
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SURVIVAL RATES AFTER MYOCARDIAL INFARCTIONS WITH AND 
WITHOUT LONG TERM ANTICOAGULANT THERAPY 


By Joun W. Keyes, M.D. 
H. Drake, M.D. 


Tuomas N. James, M.D. 


AND 


F, JANNEY Smitu, M.D. 


(From the Cardio-Respiratory Division, Henry Ford Hospital, Detroit, Michigan) 


SINCE coronary artery thrombosis is 
by far the commonest cause of myo- 
cardial infarction, prevention of this 
thrombosis should prevent most myo- 
cardial infarctions. Although many 
factors contribute to the likelihood of 
such thrombosis, the final event is the 
formation of the clot. The prevention 
of coagulation is an undertaking 
fraught with some hazard, and this is 
increased when anticoagulation is ex- 
tended over a long period of time. The 
dangers are bleeding and its conse- 
quences, which are accentuated in the 
patient with coronary artery disease, 
in whom anoxemia due to anemia may 
be rapidly fatal®. Bishydroxycoumarin 
(Dicumarol) is the anticoagulant most 
often employed in long-term therapy, 
and until recently was most difficult 
to counteract, because a specific anti- 
dote was not available. It is now widely 
recognized, however, that vitamin K-1 
emulsion used intravenously in small 
doses will quickly neutralize the hypo- 
prothrombinemia due to bishydroxy- 
coumarin (Dicumarol)!:?*. This has 
made the long-range use of this anti- 
coagulant immeasurably safer and more 
practical. 

Following a reasonably cautious per- 
iod of trial and observation, the medi- 
cal profession generally has accepted 
the use of anticoagulants in the acute 


phase of myocardial infarction. The 
long-range use of these anticoagulants 
is still in this period of trial and obser- 
vation. As a means of deriving some 
conclusions regarding such therapy, we 
have reviewed 2 comparable groups of 
patients with myocardial infarctions. 
The first group did not receive anti- 
coagulants following the acute phase 
of their infarction; the second group 
did. 

In both groups the diagnosis of myo- 
cardial infarction was confirmed by a 
12-lead electrocardiogram. Most of the 
control group, who did not receive 
long-term anticoagulants, were cases 
diagnosed before the advent of such 
therapy. The patients who received 
long-term anticoagulants were selected 
for the following reasons: 1) Continua- 
tion of refractory anginal pain after 
recovery from infarction. 2) Survival 
of a recurrent myocardial infarction. 3) 
Development of coronary insufficiency 
suggesting impending coronary occlu- 
sion, following an asymptomatic 
post-infarction period. Only patients 
who fully understood their therapy and 
who could be relied upon to cooperate 
were chosen. 

Bishydroxycoumarin (Dicumarol) is 
our choice for outpatient anticoagulant 
therapy. In addition to being less ex- 
pensive than other oral anticoagulants, 


(607 ) 


Aa 
d 
hee 
6 
52. 
18, 
| 


608 


it has been simpler to control because 
its effect is longer sustained, and be- 
cause hazardous hypoprothrombinemia 
does not develop abruptly. Quick pro- 
thrombin times are performed every 7 
to 14 days to determine the dosage of 
bishydroxycoumarin. Dosage varied 
from patient to patient, but we at- 
tempted to keep the prothrombin time 
about 25 seconds (40%). No patient was 
given outpatient Dicumarol who had 
not first had his general response to the 
drug determined during a 2-week hos- 
pitalization with close observation and 
daily prothrombin time determinations. 
No patient with a history of gastroin- 
testinal or genitourinary bleeding, ex- 
tensive liver disease, hemorrhagic dia- 
thesis, or other contraindication to anti- 


coagulant therapy, was treated with 
outpatient anticoagulants. 


Material. The control group of cases were 
chosen from the same time period as the 
treated cases, so that diagnostic criteria for 
infarction were the same for both groups. 
We believe variation in the extent of infarc- 
tions is similar in both groups. 

For the purpose of analysis, both the con- 
trol and treated groups were divided into 
those who had had a single myocardial in- 
farction and those who had had recurrent 
infarction. In the control group there were 
106 patients with single infarctions, and 41 
with recurrent infarctions. In the group treat- 
ed with long-term anticoagulants there were 
31 cases with initial infarctions, 32 with re- 
current infarctions. 

Although many of these patients were fol- 
lowed for 3 or more years, the greatest per- 
centage were followed either one or 2 years, 
and only these will be compared. All the 106 
control patients with single infarcts were fol- 
lowed for at least 2 years. Of the 31 treated 
patients with single infarcts, all were followed 
for one year and 20 were followed for 2 
years. Of the 41 control patients with re- 
current infarcts, all were followed at least 2 
years. Of the 32 treated cases with recurrent 
infarcts, all were followed one year, and 21 
were followed a second year. 

Only patients who survived the acute 
phase of myocardial infarction (6 weeks) 


are included in either the control or treated 
groups. 
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Results. In the control group with 
single infarcts, 13 of the 106 were dead 
at the end of the first year, and 13 
more were dead at the end of the sec- 
ond year. By comparison, there was 
only one death among the 31 treated 
patients followed for one year, and no 
deaths among the 20 who were fol- 
lowed a second year. 

In the control group with recurrent 
infarcts, 9 of the 41 were dead at the 
end of the first year, and 4 more died 
during the second year. By comparison, 
there were 2 deaths among the 32 
cases of recurrent infarction who were 
treated with long-term anticoagulants 
for one year, and only one death 
among the 21 cases followed a second 
year. 

Tables 1, 2, and 3 summarize these 
results by percentages. The smaller 
mortality in the treated group is im- 
pressive. 

Chi? and significance levels for the 
tabulated results were determined by 
Dr. W. W. Mahan, our biostatistician, 
and are included in each table. The 
results in each group, except the 
follow-up of recurrent infarcts in the 
second year, were statistically signifi- 
cant for human data. In general it may 
be stated that approximately 4 times 
as many patients died without long- 
term anticoagulant therapy as did with 
it, over the period of observation 
stated. 

Discussion. There are several fac- 
tors in these series which add to their 
statistical significance. For example, 
the only patients with single infarcts 
who were placed on long-term anti- 
coagulants were those who had con- 
tinued pain, with the imminent proba- 
bility of a second infarction. This made 
them a group with distinctly poorer 
prognosis than those who did not have 
such pain, and yet their survival rate 
was 3 times as good for 2 years, com- 
pared to that of the controls. 
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In addition, the one patient in the 
single infarct group treated with anti- 
coagulants who did die had had some 
hemorrhagic complications which may 
have contributed to his death. While 
the risk of such complications is always 
present, it is much less than the over-all 
risk involved with the normal progress 
of the disease. This death occurred 
prior to the advent of vitamin K-1 


TABLE 1.—SURVIVAL RATES OF MYOCARDIAL INFARCTS, 


vival data. In our experience over 30% 
of the patients with recurrent myocar- 
dial infarction die in either the im- 
mediate or acute phase. This is signifi- 
cant because it strengthens the case 
for protecting the patient who has had 
a single infarct. 

Seven patients who were treated 
with long-term anticoagulants, but for 
various reasons had their therapy 


FIRST YEAR OF FOLLOW-UP 


Single infarct Recurrent infarct 
Survived 87.7% 106 cases 78.0% 41 cases 
Control Died 12.3% 22 0% 
urvive 96.7% 31 cases 93.7% 32 cases Z 
Treated Died 3.3% 6.8% 
Statistical Chi? . 1.27 Chi? . . 2.84 
analysis Level of significance, 30% Level of significance, 15% 


TABLE 2.—SURVIVAL RATES OF MYOCARDIAL INFARCTS, 
SECOND YEAR OF FOLLOW-UP 


Single infarct Recurrent infarct 
Survived 86.0% 93 cases 87.5% 32 cases 
Control Died 14. 0% 12.5% 
urviv' 100.0% 20 cases 95.2% 21 cases 
Treated 0.0% 4.8%, 
Statistical Chi? 2.98 Chi? 
analysis Level of significance, 20%  Levelof significance, 70% 


TABLE 3.—SURVIVAL RATES OF MYOCARDIAL INFARCTS, TWO-YEAR FOLLOW-UP 


Single infarct Recurrent infarct 
{Survived 75.5% 106 cases 68.3% 41 cases 
Control {Died 24.5% 31.7% 
Treated Survived 95.2% 21 cases 87.0% 23 cases 
Died 4. 8% 13.0% 
Statistical 2.98 Chi? 1.82 
analysis Level of significance, 10% Levelof significance, 20% 


emulsion as a specific antidote for 
Dicumarol hypoprothrombinemia. 

In the evaluation of the benefit de- 
rived from long-term anticoagulant 
therapy one set of statistics not includ- 
ed in this analysis is pertinent. That 
is the mortality in the immediate (3 
days) and acute (6 weeks) phases of 
recurrent myocardial infarction. These 
deaths were eliminated from both the 
treated and untreated groups, since 
they are not part of the long-term sur- 


stopped, developed a new myocardial 
infarction soon after stopping their 
Dicumarol. Some of these patients were 
followed less than a year when their 
Dicumarol was discontinued and are 
not included in the survival statistics. 
Nevertheless, the development of new 
infarctions (which occurred from 2 to 
12 weeks after cessation of anticoagu- 
lants) raises the question of whether 
the infarcts might have been prevented 
if the Dicumarol had been continued. 
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By contradistinction, 5 patients de- 
veloped new myocardial infarcts while 
they were receiving long-term Di- 
cumarol therapy. Four of these died 
and are included in the mortality sta- 
tistics. The 4 who died all had some 
hemorrhagic complications during their 
therapy, necessitating blood replace- 
ment. All of them died of new coro- 
nary thromboses, and it is possible that 
the blood replacement therapy con- 
tributed to the pathogenesis of their 
thromboses, although this is specu- 
lative. 

Our experience with the use of 
long-range Dicumarol now includes 
over 200 patients, manifesting various 
other thromboembolic complications, 
as well as those due to coronary artery 
disease. To calculate the incidence of 
hemorrhagic complications, one must 
first define such complications. If easy 
bruising, bleeding of the gums after 
vigorous brushing of the teeth, and so 
forth, are to be included, practically 
all our patients exhibited such pheno- 
mena at some time during their course 
ot therapy. In patients who received 
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anticoagulants for over 6 months, 10% 
experienced transient hematuria at 
some time or other. In addition to the 
4 patients with coronary artery disease 
mentioned previously, 7 of the over 
200 patients manifested what we con- 
sider to be major hemorrhage. Two of 
these had severe hematuria, one had 
major epistaxis, and 4 had melena 
and/or hematemesis. Of the latter, 2 
were subsequently demonstrated to 
have a peptic ulcer. Although all 7 
ot these patients with major hemor- 
rhage survived, more careful screening 
prior to the institution of therapy may 
have prevented their being placed on 
Dicumarol. 

Summary and Conclusions. The use 
of anticoagulants on a long-term basis 
improved the prognosis of patients 
with either single or recurrent myo- 
cardial infarctions, over a 2-year per- 
iod studied. Such therapy is associated 
with some hazard‘and should not be 
attempted unless the patient is care- 
fully evaluated and the risks weighed 
against the possible benefits. 
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STINGRAY INJURIES: A REVIEW AND DISCUSSION 
OF THEIR TREATMENT 


By E. M.D.* 
GIANNINI FOUNDATION FELLOW 


(From the William G. Kerckhoff Laboratories of the Biological Sciences, California Institute 
of Technology, Pasadena, California ) 


ALTHOUGH a most formidable ven- 
omous fish, the stingray is not usually 
considered to be belligerent. His sting, 
or caudal spine, while capable of pene- 
trating the heavy cartilagenous jaw of 
black-tipped shark'’, or transecting 
the thigh of a man*®, is probably sel- 
dom utilized except in self-defense 
either against those animals which feed 
upon him®?*?? or those humans who 
unfortunately tread upon him. In 
light of the studies made by Camp- 
bell$, and from our experiences in 
handling hundreds of these fish both 
in and out of the water, it appears that 
they rarely, if ever, sting unless ac- 
tively ‘stimulated. There appears to 
be no evidence to support the assump- 
tion that these fish use their spines 
offensively either in obtaining food, or 
in attacking man. While Gudger’® has 
felt that these fish do not sting bony 
fishes or other rays, it must be con- 
ceded that under unusual circum- 
stances they may strike any animal 
which might be so unfortunate as to 
provoke their stinging responses?*8, 

Stingrays may reach a weight in 
excess of 700 pounds”®. Fortunately, in 
those areas where they are prevalent, 
the species most likely to be encoun- 
tered are of a relatively small size. Off 
the California coast the ray responsible 
for the greatest number of stingings is 
the rather small round _ stingray 
(Urobatis halleri), (Fig. 1). This ani- 
mal reaches a length of about 50 cm.*8; 
the sting of a 50 cm. ray will measure 


*Present address: Huntington Institute of Medical Research, Pasadena, California. 


6 cm. in length. These fish may pos- 
sess a secondary sting which is also 
capable of inflicting an aggravating 
wound. The unbenevolent little round 
stingray lying half buried on the sandy 
bottom in the surf or the mud flats 
of the bay is often stepped upon by 
the unwary bather. The very weight of 
one’s foot to the dorsal surface of this 
fish is sufficient stimulation for the 
animal to thrust his tail and sting up- 
ward and forward into the foot or 
leg of his victim. I have seen a fisher- 
man suffer the same experience when 
placing a hopefully protected foot on 
one of these fish while attempting to 
dislodge his hook. A rubber boot is 
no measure of safety to be placed 
between one’s anatomy and a stingray. 

THE VENOM APPARATUS OF THE STING- 
KAY. It has been known since the days 
cf antiquity that this fish possessed a 
caudal spine capable of inflicting an 
aggravating wound'**. However, until 
e. decade or so ago there was consid- 
erable question in the minds of some 
investigators regarding the presence of 
a venom-producing organ. within the 
caudal structures of this fish. It is 
now generally agreed that along the 
ventral surface of the sting in the two 
“lateral grooves” lie certain specialized 
secretory cells which produce a toxin 
that is more directly responsible for 
the symptomatology experienced by 
the victim than is the mechanical in- 


jury caused by the sting. 
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To Antonio Porta®’, 1905, and Muir 
Evans!*, 1916, we owe much for our 
present knowledge of the various an- 
atomical components of this venom ap- 
paratus. The reader will find an excel- 
lent review of these papers in 


Gudger’s*" historical dissertation of the 
subject in 1943. A more recent investi- 
gation by Halstead and Modglin® of 
the sting of the California bat stingray 
is also recommendable. As seen in 
Fig. 2, the spine of a round stingray is 


Fig. 2.-The spine of a stingray, showing the ventral surface and enlarged cross-sections. 
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a very treacherous looking weapon. 
The cross sections show the lateral 
grooves which embody the “glandular 
triangle” in which the venom is pro- 
duced. Fig. 3 (Evans, 1924, Fig. la) 
depicts a glandular triangle in detail. 

The sting itself is a calcified struc- 
ture bilaterally serrated with sharp 
teeth along the distal half of its length. 
The teeth are curved cephalically and 
thus are responsible for the lacer- 
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both in its ability to produce a toxin 
and to inflict a wound. 

The Medical Problem. The increas- 
ing number of “stinger” victims refer- 
red to the physician through the life- 
guard services along our beaches ap- 
pears to confirm the assumption that 
these services view this problem with 
respect. During the 7-months’ period 
between April and November of 1952, 
the lifeguard stations from Santa 


Fig. 3.-Enlarged cross-section of a lateral groove showing the glandular triangle. Super- 

ficially are the epithelial cells, some of which are distended with secretion. The deeper portion 

of the groove is composed of areolar connective tissue containing a number of blood vessels. 

The connective tissue is separated from the gland proper by a pigmented basement membrane. 
(Evans, courtesy of Phil. Trans. Roy. Soc. London. ) 


ating effect of the spine as it is with- 
drawn from the victim’s flesh. When 
the spine is driven into the extremity 
of the victim, the pressure exerted by 
the involved tissues is sufficient to tear 
the integumentary sheath and to ex- 
press the venom from the toxin-produc- 
ing cells and _ their supporting 
structures. The secondary sting, when 
present, may or may not be calcified. 
If calcified, it usually resembles its 
larger and more dorsal counterpart 


Monica, California, south to San Diego, 
California, a distance of about 130 
miles, reported approximately 390 
cases of stingray “attacks”. Another 84 
victims were treated by their physi- 
cians in areas unattended by the beach 
services. It is reasonable to assume 
that an additional 50 victims received 
no medical attention from either of 
the above sources and recovered from 
their wounds without particular inci- 
dent. One-quarter of this total num- 
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ber of cases were seen by a physician 
at some time during the course of their 
recovery. The incident of secondary 
infection was exceedingly low, less 
than 3%. This was due in part to the 
early attention rendered by the life- 
guard on duty or to his subsequent 
referral of the victim to a physician. It 
is the policy of the lifeguard services 
to advise medical attention for all per- 
sons stung by stingrays in which satis- 
factory recovery is not immediately 
apparent. 

There appears to be considerable 
discrepancy in the none too abundant 
literature on the clinical syndrome of 
this entity. The principal reason for 
this lack of consistency is the failure on 
the part of some physicians to distin- 
guish between those symptoms produc- 
ed by the toxin and those derived from 
the mechanical effects of the sting 
itself. The number of deaths that may 
be attributed to the direct action of 
the venom is probably insignificant in 
comparison to the number of patients 
that have died in times past from the 
first-aid treatment or the secondary 

In 1931, Vellard*+ confirmed the 
toxicity of the venom by administering 
both crude extracts and fresh stings to 
animals. While Vellard’s experiments 
are occasionally confusing, they dem- 
onstrate the toxicity of this venom in 
vivo. Since this original contribution 
several papers dealing with the effects 
of the venom have appeared. For the 
most part they deal with a review of 
the experimentally-induced symptoma- 
tology and offer no insight into the 
action of the substance itself. In 1952, 
at this institution, an investigation was 
made into the effects of the toxin on 
the various components of the cardio- 
vascular system*’. The results of this 
study indicate that in animals small 
amounts of the toxin may evoke a 
marked vasoconstriction following an 
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initial period of vasodilatation. With 
increasing amounts, the substance 
affects the larger vessels, giving 
rise to changes in _ their tone. 
Finally, with still larger, and usually 
lethal doses, the venom may also act 
directly on the heart muscle, causing 
acute cardiac dilatation and failure. 
From these observations it should not 
be difficult to evaluate the symptoma- 
tology that has been recorded in the 
literature and to suggest a more ra- 
tional approach to the treatment of 
the stingray victim. 

Case Reports. The author has col- 
lected 29 case histories from victims 
stung by stingrays during the past 4 
years. The clinical courses in most in- 
stances were similar, and the 4 cases 
herein presented represent an attempt 
to include the more significant com- 
plaints and findings. In the first two 
stingings, the author was present both 
at the time of, and immediately fol- 
lowing the accidents. 


casE 1: A 27-year-old male employee of 
the California Department of Fish and Game 
was stung by a round stingray while seining 
in Alamitos Bay, California. He complained 
of discomfort almost immediately and within 
2 minutes became aggravated by an intense, 
occasionally stabbing pain over the lateral 
aspect and ankle of the injured foot. 

On examination, the patient was found 
to have received a freely bleeding wound of 
2 cm. in length, approximately that distance 
below and slightly anterior to the lateral 
malleolus of the right foot. The wound could 
be probed to a depth of 1.5 cm. The leg 
was held in slight flexion; the ankle in flexion 
with some eversion. Both the flexor and 
extensor muscles of the foot were tensed. The 
patient went into primary shock but was 
quickly revived. At about 5 minutes follow- 
ing the onset of symptoms, sporadic muscular 
fibrillations could be seen along the length 
of the peroneus longus and brevis. The deep 
reflexes of the leg and foot were hypertonic; 
there were no pathological reflexes. Because 
of the intense local pain it was difficult to 
evaluate the sensory findings over the injured 
foot. 

For some 30 minutes the patient complain- 
ed of dizziness, nausea, and severe pain over 
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the right ankle and lower third of the leg. 
He continued to hold the injured foot in a 
flexed position even while reclining. Twenty 
minutes following the stinging, the pain 
had reached its greatest intensity. The blood 
pressure was 102/62 and the cardiac rate 
was 82. Following an unsuccessful attempt 
to control the pain with oral codeine, meperi- 
dine hydrochloride (Demerol), 75 mg., 
was given intramuscularly. The patient be- 
came relatively free of pain in about 15 
minutes and was able to hobble about on 
the affected extremity. At this time the 
entire ankle was edematous and quite sensi- 
tive to pressure. The edges of the wound 
appeared ragged and somewhat purple in 
color. The laceration was then irrigated and 
a sterile nitrofurazone (Furacin) dressing ap- 
plied. 

Although some pain persisted for many 
hours, it was described as only occasionally 
sharp. It was further reduced when the 
extremity was soaked in hot water. By the 
following day most of the pain had subsided. 
The wound required about 16 days to heal, 
while the edema was apparent for the first 
2 weeks of this period. The author is deeply 
indebted to this patient for allowing this 
observation of the symptomatology without 
the benefits of more intensive therapeutic 
measures. 

cAsE 2. A 37-year-old Mexican fisherman 
was stung on the right forearm by a 4-foot 
bat stingray (Holorhinus californicus), while 
attempting to dislodge the animal from his 
net. He received a 4-cm. laceration which 
could be probed to a depth of 3 cm. at its 
deepest point. The wound was immediately 
irrigated with salt water and within 3 min- 
utes the patient was holding the extremity 
in hot water. The wound was kept im- 
mersed in hot water for 45 minutes. The 
patient complained of some localized pain 
and slight lethargy but exhibited no abnor- 
mal findings. On docking, the wound was 
cleansed, debrided, and closed with dermal 
sutures; sterile dressings were applied. Dur- 
ing this entire period the victim was rela- 
tively free of pain and had no other com- 
plaints. The following day the dorsal aspect 
of the injured forearm was slightly swollen 
and tender but only to deep pressure about 
the wound. The patient was able to carry 
on routine dock work and experienced no 
other symptoms. The edema persisted for 
3 days; the wound required 5 days for com- 
plete cicatrization. 

casE 3. A 9-year-old boy received two 
lacerations on the dorsum of the right foot 
in the area of the first metatarsal bone. The 
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wounds were caused by a round oy 
taken by a fisherman from Newport Harbor, 
California. The ray measured 40 cm. and 
possessed 2 stings, the larger of which was 
4.4 cm. in length. The wound was “painted 
with iodine” and bandaged but because of 
the intense pain the victim was taken to a 
hospital one hour later. The wound was 
probed and a “small piece of slime” was 
removed from one of the lacerations. The 
youth’s foot was swollen and extremely sen- 
sitive to pressure. The area about the wound 
was reddened and the skin temperature in- 
creased. The leg and foot were held in flexion 
and the patient grasped at his right knee 
while complaining of excruciating pain about 
his foot and leg. The patient was given an 
intramuscular injection of gr. 1/10 of mor- 
phine sulfate. Five minutes following the 
injection the patient became nauseated and 
thereafter vomited twice. The pain while 
somewhat alleviated was now described as 
being of a stabbing nature, confined for the 
most part to the area about the wound. Oc- 
casionally the patient would cry out from 
the “shooting pains” through his leg and 
thigh. There appeared to be little change 
in the intensity of the pain during the next 
2 hours. The patient was given gr. 3 of 
calcium gluconate intravenously, penicillin 
300,000 units and gr. 1 of phenobarbital. 
Four hours following the accident, the 
patient complained of abdominal pain, 
nausea and pain on deep respiration; 10 
minutes later he began to vomit. The author 
saw the patient at this time. The tempera- 
ture was 99; pulse, 96; respirations, 24; blood 
pressure 85/60. The heart and lungs were 
normal to examination. The abdomen was 
flat, slightly rigid but without tenderness; 
peristalsis was increased. The right leg and 
ankle were held in flexion. There was no 
muscular atrophy or paralysis. Pitting edema 
extended over the entire dorsum of the right 
foot. The peripheral pulses were feeble. The 
deep reflexes of the right leg were hyper- 


‘active; the superficial reflexes were hypoac- 


tive. There were no pathological reflexes. 
The patient was hospitalized and given 
250 cc. of 5% glucose in water with 3 units 
of Eschatin added. The pain diminished 
during the following 12 hours and the re- 
covery was uneventful. Twenty hours fol- 
lowing the accident, most of the pain had 
subsided and the patient complained of only 
a dull ache about the site of the injury. Oral 
temperature was 99; pulse, 90; respirations, 
18; blood pressure, 100/60. The edema 
persisted for 6 days, in spite of continual 
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elevation of the extremity. The wound was 
healed by the ninth day. 

CAsE 4. A 99-year-old female, employed 
as a dancer, was struck by the spine of a 
stingray while swimming in the surf off 
Seal Beach, California. The patient re- 
portedly “fainted” several minutes later and 
was taken to an emergency hospital At the 
time of arrival, approximately 15 minutes 
following the stinging, the patient complained 
of severe pain in the injured foot, cramps 
in the ipsilateral leg, faintness, nausea and 
some dizziness. 

Examination revealed a deeply .lacerated, 
freely bleeding wound several centimeters in 
length, just anterior to the medial malleolus 
of the left foot. The edges of the wound 
were ragged and swollen. The patient held 
the foot flexed at the ankle and inverted. 
Temperature was 98.6°; pulse, 92; respira- 
tions, 20; blood pressure, 110/66. The lungs 
were clear and there were no cardiac ab- 
normalities. The patellar and Achilles tendon 
reflexes on the affected side were hyperactive; 
there were no sensory changes. 

The .wound was cleansed and _ irrigated 
with a 5% solution of potassium permanga- 
nate. Some debridement was necessary. While 
the pain was confined to the area about the 
injury, the patient complained of severe 
cramps in the left leg and a numbness of 
the skin over the medial aspect of that foot. 
One hour following the accident, the pain 
was described as pulsating and intense. The 
patient was given gr. % of morphine sulfate 
and gr. 2 of phenobarbital. Two hours later 
the patient was considerably improved and 
allowed to be taken home. Although the pain 
persisted for 24 hours, it was controlled with 
oral codeine. The area about the wound was 
deep red in color and edematous the follow- 
ing day. The localized edema and tender- 
ness persisted for 11 days and the laceration 
was not well healed until the second week 
following the accident. 


Comment. It is of interest to note 
that in 3 of these 4 cases the complaint 
of pain, out of proportion to that which 
might be produced by a similar non- 
venomous injury, was immediate and 
unusually severe. This observation has 
been recorded by other investigators*-+ 
15,17,25,41,46 Tn 18 of the 29 cases in 
this study the pain appeared within 4 
minutes following the accident. In 6 
of the remaining 11 cases this com- 
plaint was registered within 10 min- 
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utes following the accident. The onset 


- of pain was not usually limited to the 


point of injury but embraced an area 
of approximately 10 cm. in diameter 
about the wound. As the pain became 
more severe during the first 30 min- 
utes, the area of complaint usually 
radiated to include a part of, or even 
the entire involved extremity. The 
pain appeared to reach its greatest in- 
tensity in less than 90 minutes and 
often persisted, though gradually di- 
minishing in severity, for 6 to 48 hours. 
In 12 of the 29 patients there were com- 
plaints of “shooting pains” through the 
ipsilateral leg or arm. These seldom 
persisted for more than 8 hours. 

From these observations it seems 
reasonable to assume that the intense 
nature of the pain is due primarily to 
the toxin produced by this fish. This 
is further substantiated by studies on 
experimental animals. When small 
amounts of the toxin are injected into 
the leg of a rabbit, the animal exhibits 
findings peculiar to the sensation of 
accentuated pain, namely vocalization, 
guarding, and increased blood pres- 
sure. While some of the victims in the 
present series suffered excruciating 
pain, the degree in most patients was 
not seemingly as severe as that which 
has been recorded in some other areas 
of the world. Fortunately the round 
stingray is quite small, and it may be 
that his venom is less virulent than 
that found in some of the other species 
of rays. However, I have been assured 
by many of the victims of the 29 cases 
in review that the pain they suffered 
was the most severe they had ever 
experienced. 

Byam and Archibald’, Colby", and 
cthers, have reported experiences with 
cases in which there was a definite pa- 
ralysis affecting the injured extremity. 
The author has never seen either a 
spastic or flaccid paralysis in a stingray 
victim. While it may be possible for 
the venom to give rise to a true 


I 
t 
1 

] 

| 
‘ 


RUSSELL: 


paralysis, in the author's opinion the 
“spasms” so frequently reported, as in 
the present series of cases, are contrac- 
tures initiated as flexion reflexes stim- 
ulated by the intense pain. Further 
evidence for this conclusion lies in the 


observation that all of the spasms 


were relieved by medications directed 
at alleviating the pain. An occasional 
paresthesia is sometimes noted about 
the affected extremity. This was not 
a constant finding in the present series 
and was questionably present in but 4 
cases. It will be necessary to study a 
much larger group of patients before 
this complaint can be properly evalu- 
ated. 

For the most part the symptoms of 
the venom are local manifestations. 
There is however, both clinical and ex- 
perimental evidence to indicate that 
the toxin may produce systemic 
changes and even death. The nausea, 
faintness, vertigo and bradycardia so 
often experienced by the victim within 
the first few minutes after the accident 
may be attributed to the primary shock 
caused by the extreme pain. On the 
other hand, as pointed out by Russell 
and van Harreveld*, there may be a 
fall in systemic arterial pressure due to 
peripheral vasodilatation when small 
amounts of the toxin are admin- 
istered intravenously. It is conceivable 
that this and the related mechanisms 
may well accentuate, or even precipi- 
tate, a transient cerebral anoxia and 
shock. 

Occasionally a patient may complain 
of pain on respiration (Case 2)1, 
inguinal or axillary pain*!, or even gen- 
cralized cramps**. Arrhythmias, trem- 
ors and increased nervousness, pro- 
fuse sweating, diarrhea and vomiting 
with acute abdominal pain have all 
been reported as being associated with 
the effects of the venom. The frequency 
at which convulsions have been re- 
corded however, both clinically and 
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experimentally*® 41,445, indicates that 
this finding warrants more careful con- 
sideration. The mechanism responsible 
for the convulsive activity has not been 
identified in the literature. It would 
appear, from a study of the cardiovas- 
cular effects of the venom, that the con- 
vulsions may be the result of cerebral 
anoxia caused by the cardiovascular 
depression. Mice in which small doses 
of the toxin have been administered 
intraperitoneally exhibit findings typi- 
cal of tissue anoxia: namely, cyanosis, 
blanching of the ears, changes in the 
respiratory excursions, ataxia, and 
others. If the degree of anoxia is in- 
creased by increasing the amount of 
the venom, the mouse may exhibit con- 
vulsive activity with either recovery 
or death. Whether the anoxia is due 
to a cardiovascular failure or to a his- 
totoxic anoxia has not yet been de- 
termined. 

The wound itself may be either of 
the laceration or puncture type. The 
penetration of the skin and the under- 
lying tissues is usually made in a plane 
somewhat perpendicular to the skin’s 
surface and is accomplished without 
serious damage to the surrounding 
tissues. In withdrawing the spine, 
however, extensive damage may be 
done by the serrated edges. I have 
seen a wound of 3.5 cm. in length per- 
petrated by a sting no wider than 5 
mm. Cleland” tells of a fisherman who 
was stung by a 10-foot stingray off 
Australia. This animal struck with such 
force that he drove his sting through 
the lower third of the man’s leg be- 
tween the tibia and fibula leaving a 
wound 7 inches long on the lateral 
aspect of the leg and 4 inches long on 
the medial side. The wound edges 
are often jagged and not infrequently 
require debridement. The lacerated tis- 
sues bleed freely, though the bleeding 
does not appear to be of any greater 
intent than what one ought to expect 
from a similar non-venomous injury. 


| 
et 
1e 
2a 
er 
1e 
n- 
ly 
7 
n- 
id 
li- 
n- 
ne 
m 
ns 
se 
to 
Lis 
on 
all 
to 
its 
of 
n, 
he 
ch 
as 
id 
be 
an 
es 
od 
es 
ed 
er 
ad 
th 
a- 
ay 
or 
ue 


618 RUSSELL: 

The degree of swelling about the 
wound varies, though it appears to be 
a constant finding. I have seen sev- 
eral patients in whom there was a 
marked pitting edema over the entire 
involved foot and lower third of the 
leg less than three hours following the 
stinging. The edema in some of these 
patients may often persist in spite of 
constant elevation of the extremity. 
Such edema is no doubt the result of 
the changes in the locally affected tis- 
sues. Whether or not the toxin is cap- 
able of evoking alterations in capillary 
permeability has not been demonstrat- 
ed to the author's knowledge. There is 
reason to believe that much of the 
localized edema can be attributed to 
lvmphatic obstruction, precipitated by 
inflammation, and damage to the lym- 
phatic and _ supporting structures. 
These changes are due to the direct 
action of the venom. 

The tissues about the injury often 
appear discolored leading to such de- 
scriptions as cyanotic’, bluish®, deep 
red (Case 4), or even purple (Case 1). 
While one would expect the lacerated 
edges of the wound to be discolored, 
this area often extends several centi- 
meters from the injury. Further exam- 
ination of these tissues reveals a 
definite necrosis which is probably due 
to the direct action of the toxin and 
its subsequent interference with the 
cells blood supply. In this respect the 
action of the toxin resembles the 
cytolytic and proteolytic effects of cer- 
tain of the snake venoms. 

Occasionally serious injuries may be 
inflicted by stingrays without the pro- 
duction of the symptomatology induc- 
ed by the venom. Ronka and Roe*® 
report a case in which a young man 
received multiple chest injuries from a 
ray which had driven one of its spines 
into the victim’s right ventricular mus- 
culature and the other into local sub- 
cutaneous tissues. The authors relate 


no untoward effects from the venom. 
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Following surgical removal of the 
spine, the patient recovered and was 
discharged from the hospital within 3 
weeks of his injury. I myself was once 
stung by a stingray on the palmar 
surface of the distal third of the right 
index finger. I was quite surprised 
some time later to have experienced 
no acute pain or other local manifesta- 
tions. On examining the sting respon- 
sible for the injury I discovered that 
the integumentary sheath with most 
of the glandular triangle had been lost 
previous to the stinging. As I sorted 
through the several hundred rays 
which we had taken in our seine I 
ascertained that over half of the stings 
were devoid of their sheaths and sup- 
porting tissues. These fish had lost 
most of the substance of the glandular 
triangle on the webbing of the net 
during the two hours in which they 
were being seined. It is quite pos- 
sible that in some cases where the 
typical syndrome fails to develop this 
explanation may be applicable. 

The description of the symptoma- 
tology and findings in this paper is 
by inference limited to the effects pro- 
duced by the spine of the round sting- 
ray. While the discussion might be 
quite applicable to the wounds caused 
by other rays, it should be remembered 
that species differences may alter the 
clinical course of the entity. However 
there appears to be considerable sim- 
ilarity between the cases presented in 
this report and those observed by other 
writers dealing with different species 
of 

Treatment. The abundance of the 
number of remedies that have been 
suggested for the treatment of stingray 
injuries seems to indicate that the 
rationale of these therapeutic measures 
has not been overly obvious. While the 
larger portion of these suggestions 
have been recorded in the various 
zoological publications, some contribu- 
tions have appeared in the columns 
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of the medical literature from time to 
time®-®-15,28.29,81.83.84, At the present 
writing there appears to be no thera- 
peutic standard of procedure of which 
the physician might be advised. During 
the past year the author has been for- 
tunate in receiving a large number of 
returned questionnaires, relating to the 
treatment of stingray victims, from 
physicians throughout the world. Many 
of the therapeutic proposals have re- 
ceived both laboratory and _ clinical 
trial, and while it is not within the 
scope of this thesis to discuss each 
measure, the more widely used agents 
and procedures will be considered in 
brief. 

Any treatment to be successful must 
be instituted early and vigorously. The 
physician should direct his efforts to- 
wards: 

1) alleviating the pain. 

2) preventing complications that 

may be evoked by the venom. 

3) preventing secondary infections. 

Pain is by far the most frequent com- 
plaint for which the physician will be 
called upon to render medical aid. In 
this respect many local agents have 
been advised, including potassium per- 
manganate, formalin, gold chloride, 
ammonium, adrenalin, antihistaminics, 
magnesium and calcium salts, alcohol, 
carbolic acid, fish liver, kerosene, to- 
bacco juice and macerated cockroaches. 
In addition to these, other local mea- 
sures are occasionally suggested: for 
example, incising and sucking the 
wound, cauterizing the lacerated 
edges, or packing the wound with 
leaves of certain plants. 

With respect to these latter proced- 
ures several factors should be born 
in mind. The so called “incision and 
sucking” technique is of questionable 
value in some venomous wounds®#?, 
It would seem that such a technique 
in this particular type of wound would 
not only further mutilate the involved 
tissues but also create a greater surface 


area from which absorption of the 
toxin might be facilitated. This pro- 
cedure also favors the development of 
secondary infections. Cauterization, 
while it may be effective, is both too 
drastic and usually too late to be. 
practicable. The author once attended 
a seiner from the Gulf of California 
who having been stung by a sculpin 
applied a lighted cigarette to the 
wound. While the victim suffered no 
ill effects from the venom of this fish, 
he was later treated for a third degree 
burn and a secondary infection. The 
wound inflicted by this fish is of course 
of the pure puncture type and _ its 
treatment is not implied in this essay. 

Potassium permanganate in solutions 
of .01 to 5% seems to have enjoyed 
considerable usage as an irrigant for 
relieving the pain of stingray injuries. 
It has been employed by both Gud- 
ger** and Evans'®, in whose hands it 
has reportedly been effective. Hal- 
stead*> and Bayley*® report indifferent 
successes with the solution, and in 
the experience of several physicians it 
has been found to be of little if any 
value (questionnaires present investi- 
gation). Potassium permanganate is a 
weak antiseptic whose chemical prop- 
erties are well known. It was probably 
first suggested in stingray wounds be- 
cause of its historical use in the treat- 
ment of certain snake bites. It is con- 
sidered a useless remedy in the treat- 
ment of snake bites at the present 
time®*. Until the chemical structure of 
the ray venom is known, the strength 
of Evans"® statement that the toxin 
may be readily destroyed by perman- 
ganate of potash, rests on questionable 
clinical data and no experimental evi- 
dence. I do not use potassium perman- 
ganate myself, because I have not 
found it effective clinically, nor have 
I yet been able to demonstrate either 
in vitro or in vivo that the aqueous so- 
lution destroys the venom. It is not un- 
likely that the credit often given to the 
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permanganate should be bestowed up- 
on the mechanical effects of the irrigat- 
ing process or the hot water with which 
it is often administered. 

Formaldehyde in solutions of .05 to 
40% have been used for irrigating the 
lacerated tissues. A fisherman from the 
Gulf of Mexico once showed me a 4- 
cm. scar on the dorsum of his right 
foot. The scar had been caused by a 
strong solution of formaldehyde the 
fisherman had applied to a stingray in- 
jury of 1 cm. in length. Formaldehyde 
is a good disinfectant, but its use in 
the treatment of venomous injuries 
should be avoided. “Ammonia water” at 
present appears to have commandeered 
a considerable number of advocates. 
It is used, in hot water, by several 
physicians and lifeguard services. Dr. 
Arthur Christensen of Glendale once 
attended a patient who had received 
both an epispastic and caustic effect 
from a strong solution of ammonia 
water which had been applied by a 
“first aider” to a stingray injury. The 
patient was unable to decide whether 
the venom or the treatment was the 
more aggravating. Ammonia, too, can 
be forfeited for a more simple and 
rational procedure. 

The use of locally injected anesthetics 
has been advocated by several 
writers**?. This procedure may have 
a very definite place in the treatment 
of venomous injuries. However, it is 
often limited by the fact that the re- 
gion of complaint in many victims may 
extend over an area too great for the 
efficacy of the injection. Procaine hy- 
drochloride “blocks” are occasionally 
used by physicians in Australia and 
New Zealand for this type of injury. 
The author once obtained a good re- 
sult with an intravenous infusion of 
5 cc. of 1% procaine in 15 cc. of iso- 
tonic sodium chloride. The solution 
was administered over a period of 3 
minutes and seemed to afford relief 
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to the patient for approximately 50 
minutes. 

The author has found the following 
treatment to be the most successful. 
Until some further insight into the 
chemistry of the toxin is gleaned, these 
measures appear to be adequate. As 
the degree of success depends largely 
upon the rapidity at which the therapy 
is instituted, the ideal treatment would 
be one instituted by the patient him- 
self. The wound should be irrigated 
immediately with the cold salt water 
at hand, not only may much of the 
toxin be washed out by the mechanics 
of this operation, but the cold water 
serves both as a vasoconstrictor and 
mild anesthetic agent. In the hands of 
a physician, or one properly qualified, 
a constriction band may be applied 
immediately above the stab site. When 
the wound has been thoroughly irri- 
gated and no evidence of the sting’s 
epithelial sheath can be seen, the ex- 
tremity may be submerged in hot 
water. The water should be maintained 
at as high a temperature as the pa- 
tient can tolerate without injury, for 
30 minues to an hour. The addition of 
various anesthetic and antiseptic 
agents to the hot water is optional. 
The author has suggested to the life- 
guard services that they might add 
magnesium sulfate to the water, be- 
cause of its mild anesthetic properties. 
Following the soaking procedure the 
wound should be further debrided, 
cleansed and closed with dermal su- 
tures if necessary. An antiseptic and 
sterile dressing should be applied to 
the injured area. Preliminary studies 
have indicated that heat may have a 
detrimental effect on the venom; boil- 
ing readily destroys the toxin in vitro. 
While hot water alleviates the pain 
produced by the venom, it is not clear 
whether the mechanism responsible 
for this effect is one involving changes 
in the chemistry of the toxin, or one 
exclusive of such changes. 
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If this treament has been instituted 
early and effectively, there may be 
no need for administering antibiotics 
as evidenced in the low rate of secon- 
dary infections in the present series. 
Some physicians, however, recom- 
mend penicillin and the appropriate 
anti-tetanus agents routinely following 
stingray injuries. Occasionally, when 
all local measures have failed to re- 
lieve the pain, or when absorption of 
the toxin has progressed beyond the 
applicability of such treatment, the 
use of intramuscular or intravenous 
Demerol has been found to be very 
effective. In those cases where irriga- 
tion is contraindicated (where the 
spine has entered the abdominal or 
thoracic cavity), the patient should 
be hospitalized and observed closely 
following the necessary surgical pro- 
cedures. The primary shock so often 
seen immediately following the sting- 
ing usually responds to simple suppor- 
tive measures. However, the secondary 
shock which occurs as a result of, or 
from, the direct action of the venom 
on the cardiovascular system, warrants 
immediate and _ strenuous therapy. 
Treatment in any such case should be 
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directed toward maintaining cardio- 
vascular tone and the prevention of 
any further complicating factors. 

Summary. The stingray is a ven- 
omous fish capable of inflicting an ag- 
gravating injury by means of its sting 
or caudal spine. The symptomatology 
experienced by victims stung by these 
fish may be attributed to the venom 
contained within the ventrolateral 
grooves of the animal’s stinging appa- 
ratus and/or to the mechanical injury 
perpetrated by the sting. 

While the chief complaint of the 
patient is usually pain, it must be re- 
membered that the venom may evoke 
cardiovascular changes. Clinically the 
circulatory effects are usually limited 
to peripheral changes. It is con- 
ceivable however, that where large 
amounts of the toxin may be absorbed, 
complete cardiovascular collapse may 
ensue. 

The importance of early and vigor- 
ous treatment is emphasized. Such 
treatment should be instituted towards 
alleviating the pain, preventing compli- 
cations that may be evoked by the 
venom and preventing secondary in- 
fections. 
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Tuus is a study of the effect of 1-hy- 
drazinophthalazine in the treatment of 
ambulatory patients with hypertensive 
disease. The result of this treatment, 
alone, is compared to the treatment of 


. a similar group of patients with a 


placebo. The alternate patient method 
was used in determining which patient 
was to receive the drug or the placebo. 

Hydrazinophthalazine has been re- 
ported by other observers to produce 
a hypotensive effect in animals and in 
man? ?.4-6.9-11, The purpose of this 
study was to discover whether there 
would be a difference between the 
drug and placebo groups that was sta- 
tistically significant over a period of 
several months. 

The mechanism of action is believed 
to be central in origin by several in- 
vestigators**1*.13, This would seem to 
be borne out by a number of clinical 
and laboratory facts. When admin- 
istered, the drug does not produce 
nasal congestion nor does it reverse 
the action of epinephrine, as might be 
expected if the site of action was at 
the peripheral nerve ending. Also, it 
does not appear to block ganglionic 
transmission as there are no pupillary 
changes. Likewise, there is no poten- 
tiation of epinephrine and/or norepine- 
phrine. The bradycardia of norepineph- 
rine is blocked which suggests inter- 


ference of the central reflexes mediated 
through the carotid sinus and aortic 
arch as a response to hypertension. 
Taylor, Page and Corcoran’* postulate 
that the action is that of inhibition of 
a cerebral humoral factor as has been 
demonstrated in dogs by cross circu- 
lation experiments. In this study, the 
circulation of the central nervous sys- 
tem cephalad to C5 of a dog (Dog A) 
was isolated from the circulation of 
the rest of the body and perfused by 
another dog. The effluent jugular 
blood of the head of Dog A was re- 
turned by an anastomosis to the jugular 
vein of Dog B. Both vagi of Dog A 
were cut in the neck but the cord and 
sympathetic chains were intact. The 
central end of one or both vagi of 
Dog A was stimulated with a sinus- 
oidal current of an intensity of 50 
milliamperes. Stimulation carried on 
for 2 to 6 minutes resulted in a slow 
rise of arterial pressure in Dog B 
which slowly disappeared after stim- 
ulation was stopped. Apresoline block- 
ed this pressor effect. 

Schroeder believes the action is to 
antagonize the action of several hu- 
moral factors, such as _pherentasin, 
serotonin and 

This study confined itself to the use 
of 1-hydrazinophthalazine alone in one 
group of patients, compared to the use 


*This study was supported by a grant from Ciba Pharmaceutical Products, Inc. 
( 623 ) 
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of identically appearing placebos in 

The that 
patients have been followed is inade 
ultimate 
change in the progress of their disease. 


another group time these 


quate to determine any 
It has been sufficient in most, however, 
to determine whether the drug has or 
affected their blood 


for a number of months 


has not pressure 


The use of a 


] 
contro! roup deemed 


| 
in view of the difficulty in evaluating 


Was necessary 


any new drug in the treatment of 
hypertension a condition which is 
many times altered by the patient's 


subjective response to medical atten- 
tion. 


subjects were followed on an 


Method. The 
it ' t basis. Patients 


were reterred tor 


ST fl edi il clinic ot Los Ange les 
( tv ( ral Hospital. The only criteria 
tor t of patients, both control 
ve Apresoline, were a dias- 
ure of 95 mm. Hg or over 


nitrogen and no history 


yt toris or coronary occlusion. Old 
ry of cerebral vascular accident 

cid not cclud patients from the study 

Prior to the onset of treatment. all patie nts 
lectrocardiogram taken, a_ urine 

ily iplete blood count, and a non 
determination These de 


term tions were repe ited at intervals dur 
nt’s history was noted ind a 
( ysical examination, including 
ru \ do at the initial visit. In 
ilternate fashion these patients were started 
Apresoline or placebo 
\ tient given the drug were started 
na f 100 mg. daily (25 mg. q.i.d 
} Dosage was increased by 100 


meg I lay at weekly intervals until the 


sired effect was obtained. The maximum 


dication given to any individ- 

ial patie! \ 800 mg. in 24 hours 
At sequent visit, the blood pres- 
sul taken in the supine and _ sitting 


itient having rested in that 


ist 10 minutes prior to the 


re 
patients were seen at intervals rang 

ng ft ne week to one month 
S i tients were not included in this 
lid receive Apresoline inasmuch 
tl us situation demanded some 
nt n. Likewise, a few other patients 
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HYPERTENSIVE DISEASE 
who were hospitalized during treatment are 


not included. These cases will be discussed 
later. 

Material. Thirty-nine 
started on A presoline 
failed to 


hence are not 


briefly 
clinic patients were 
[wo patients in this 
return after the 


included The 


were maintained on_ the 


group initial visit 


and remaining 


patients drug 


from periods ranging from one to 15 months 


Thirty-seven patients wert placed on 


placebos which were id ntical in appearance 


to A presoline Nine were eliminated because 
of failure to maintain attendance at the clinic 
leaving a total of 28 patients who continued 
on the placebos for periods varying trom 
one to 14 months In one case, the pressure 
in the supine position, only, was measured 
Thus, there were 27 patients with both 
supine and sitting pressures 

All patients were seen by the same ob 


server at each clinic visit and all blood pres 


sures were taken by this same _ individual 
using the same sphygmomanometer 

In order to preserve consistency, the dia 
stolic pressure was taken at the point at 
which the sounds disappeared 

Results. From the accompanying 


tables it will be observed that both 
groups of patients revealed some lower 
ing of blood pressures. The percentag: 
decrease in systolic pressure in the 
both 


groups exceeded the percentage fall 


great majority of patients in 
in diastolic pressure 

\ glance at Tables 1, and 2 and Fig 

points out that those patients re 
ceiving Apresoline show a more signi- 
ficant hypotensive effect, both systolic 
and diastolic, than their control coun 
terparts. 

The fall in the 
Apresoline group was 26.3 mm. Hg 
as compared with a fall of 12.4 mm. i 
the control group. Similarly, the av 
erage diastolic fall of 14.3 mm. Hg it 
the Apresoline group compared to 


average systolic 


4.4 mm. drop in the control patients 

Those patients in each group wh 
evidenced a diastolic pressure less that 
94 mm. Hg at the time of their las 
visit are indicated 


2). There were 5 such patients in th 


( see Tables ] ant 


control section and 9 in the Apres 
line-treated group (17.8% and 24.3 
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ré spectively 

{An additional study was made of 
the patients in each group who had 
been on either drug or placebo for 6 


months or more. Figure 2 presents 
these patients with each line repre- 
senting the percentage change in su- 


pine diastolic pressure in a patient. 


Apresoline 
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therefore, not revealed by these charts. 
Four patients in each group had an 


increase in their diastolic blood 
pressure. 
STATISTICAL ANALYsIs. Since the 


diastolic pressure is generally consid- 
ered to be of greater significance in 
hypertension than the systolic, only the 


Placebo 


4 


0-10 10-20 


10-20 


Percent Decrease Diastolic 


ig. 1.—The tients in Tables 1 and 2 are d 
iastoli pressures during the time of the study. 
shad 
itt diastoli pressures. 
e 0-10 bars include all those patients who h 
ied 
There were 18 such patients in the 


acebo group and 15 such patients. in 
the Apresoline group. 

The actual fall in blood pressure and 
he percentage decreases given repre- 
ent the between __ initial 
ressures and the final blood pressure 
taken. decreases 
vith a return to prev ious levels are, 


differences 


eading Transient 


ivided according to the decrease in their 


ided bars represent their supine diastolic pressures while the clear bars represent 


ad a rise in pressure in the interval of time 


percentage drop in diastolic pressure 
has been treated statistically here. 

The purpose of a statistical analysis 
of the data in this. study is to deter- 
mine whether or not the drug, Apreso- 
line, lowers the diastolic pressure sig- 
nificantly over that which would be 
expected if the drug had not been given 
at all. 
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Because the difference between the 
drop in diastolic pressure supine and 
the drop in diastolic pressure sitting is 
not a constant factor, each was treated 
separately 

In general, the curves for the place- 
bo group (both sitting and supine) 
show a tendency to be skewed in the 
direction of minimal drop. Such a ten- 
dency can be reasonably expected, be- 

cause it stands to reason that in the 
group in which no effective medication 
is being given, the pressures should 
tend to show no change. 

On the other hand, both the supine 
and sitting pressures of the Apresoline 
group show less marked tendencies to 
skew, and in fact if the extreme value 
on each end of the drug supine group 
is discarded, that distribution would be 
nearly normal. Such results would 
seem to indicate what ordinarily would 
be expected: that Apresoline effects a 
drop in pressure proportionate to the 
individual's susceptibility to it, and that 
the drop in pressures of a sufficiently 
large group of people would tend to 
fall along a curve of normal distribu- 
tion. 

The results are as follows: 


PLACEBOS 
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cannot be due to chance alone. The 
fact that significant changes are still 
measurable after the drug has been 
in use for 6 or more months indicates 
that the drug still exerts an effect even 
after long continued use. 

Although smaller 
people stayed on for over 6 months, 


number of 


the pl icebos show the same tendency 
to skew as does the larger group, while 
the drug group is more nearly normal 
in distribution. 

There is no significant difference be 
tween the drop in supine and the drop 
in sitting pressures in the Apresoline 
group. The same is true for the 
placebos. 

In determining whether or not the 
placebo group differs significantly 
from 0, a t value of 1.80 is obtained 
for the sitting distribution and 2.48 for 
the supine. Neither of these values is 
significant, again a probability of 0.01 
being considered the lower limit of 
significance. 

There are not enough males in the 
original group to make an adequate 
sex difference study. Also there are no 
significant correlations between the 
placebo and the drug groups for age 


APRESOLINE 


Position No. of Placebos No of Apre soline t value 
cases M and S° cases M and S° 
SITTING 27 3.5 + 9.9° 37 11.1 + 10.5° 2.93 
SUPINE 28 4.1 + 8.8° 37 12.1 + 10.6° 3.29 
SUPINE—Over 6 Months 18 3.6 + 6.4° ee 14.1] 12.6° 2.84 
*standard deviation V 2(X—X) =(X —X)] 


x = individual measurement 
x = working mean 
n = No. of cases 


The t values in each case are signifi- 
cant, a probability of 0.01 being con- 
sidered the lower limit of significance. 
Thus, it can be concluded that the 
differences between the patients treat- 
ed with placebos and the Apresoline 


of the patient or duration of hyperten- 
sion prior to therapy. Much larger 
sample sizes are needed for such cor- 
relations. 

SIDE EFFECTS. As has been previously 
reported, headache, usually occipité il, 
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was the major unpleasant side effect. 
Nearly every patient on Apresoline de 
veloped this symptom. The headache 
did abate, even though the medication 
was continued in most instances, but 
it sometimes took several weeks to do 
so. Tachycardia was frequently en- 
countered but was usually much short- 
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slow progressive decline in their total 
white blood count to levels of 2,400 
and 2,600 respectively. On continued 
treatment, on the same dose of Apres- 
oline, their counts gradually returned 
to pre-treatment levels which were low 
initially in both instances (5000 and 
4800). The differential counts re- 


PERCENT CHANGE DIASTOLE 
SIX MONTHS OR MORE 


PLACEBO 


APRESOLINE 


a 


20 
24 


2? 


32 


Each line represents the % change in supine diastolic blood pressure of a patient 


followed for more than 6 months. 


than the headache. 
iting was seen 10 times, and 6 of 
se patients had other severe reac- 
tions such as headache, fever, or mark- 
( tachveardia. Eleven of the 37 
p.tients on \presoline had to discon- 
tiaue the drug because of the severity 
these side effects. 
patients had received 
resoline for many months showed a 


in duration 


[wo who 


mained normal as did their hemoglobin 
values. 

Two patients on placebo, who did 
not return after one visit, were found 
to have discontinued them due_ to 
headache and nausea, which they felt 
were drug induced. 

SPECIAL PATIENTS. Of the patients 
who were not included in the regular 
clinic series, 4 had undergone previous 
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sympathectomy with return of persis- 
tent hypertension. Of these only one 
responded to Apresoline and his dia- 
stolic pressure was reduced from 124 
to 100 mm. Hg. 

Two patients had malignant hyper- 
tension with papilledema and diastolic 
pressures of 180 mm. and 120 mm. Hg 
respectively. The former had a drop 
in diastolic pressure to 138 and was 
then subjected to surgery. The latter 
had a drop in diastolic to 90 mm. Hg 
and clearing of eye ground signs of 
pathology, but refused to continue the 
drug due to nausea and vomiting. 

The last patient of this group was a 
patient diagnosed as toxemia of preg- 
nancy, who had previously lost a child 
during an eclamptic convulsion. This 
patient had a return of her blood pres- 
sure to normal levels and delivered 
normal, full-term child uneventfully. 

Of the patients treated in the hos- 
pital, 3 had chronic renal disease and 
nitrogen retention. The downhill course 
in all 3 appeared to be hastened by the 
administration of Apresoline. 

Discussion. The difficulty in obtain- 
ing 2 comparable groups of patients 
with hypertensive disease is evident by 
the greater severity in the patients re- 
ceiving Apresoline. It is not feasible 
to grade the patients according to 
Smithwick’s classification because the 
patients were not in the hospital and 
did not have a sedation test or a 
phenolsulfonphthalein determination. 
None of the patients in the series had 
nitrogen retention, none of them had 
eye ground changes worse than a 
grade III by the Keith-Wagener-Barker 
classification, and none were in con- 
gestive failure. 

Schroeder treated 50 patients with 
doses ranging from 100 to 800 mg. per 
day, for from one to 40 weeks. He 
obtained sustained decreases of blood 
pressure in 35. In 20 with neurogenic 
hypertension, he states the drop was 


? 


33 mm. Hg systolic and 25 mm. Hg 
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diastolic. In 8 patients with renal hy- 
pertension, the average decrease was 
25 mm. H¢g systolic and 16 mm. Hg 
In 9 with malignant hyper- 
tension, the decreases were 37 mm. Hg 
and 30 mm. Hg’®. 

Page, in treating 70 patients with 
Apresoline on both a hospital and out- 
patient basis, found 5 were unable 
to take the drug, 33 had a fall of 20 
mm. Hg or more, 14 had an equivocal 
fall, and 17 had none. 

From our study, it may be seen that 
\presoline 


diastolic. 


the response to varies 
greatly from one patient to the next, 
so that average figures in such a series 
mean very little. 
Some patients had 
to Apresoline alone, some had none. 
Both groups of patients apparently im- 
proved by regular visits to the same 
physician, showing the beneficial effect 
on blood pressure of a doctor-patient 


good response 


relationship. 

The side effects of \presoline, prin- 
cipally the headache, are a definite 
dificulty in its administration. The 
headache is felt by Schroeder" to be 
histamine-like and the use of antihis- 
taminics has been recommended for 
it. Some of these patients responded to 
antihistamine but more did not, and 
they had to weather the storm of the 
first few days or weeks before the 
headaches subsided. 

The 3 hospitalized patients with 
nitrogen retention, appeared to be ad- 
versely affected by Apresoline, so that 
its use in uremia may be contraindi 
cated. The drug was tried on these 3 
patients in the hope that an increased 
renal blood flow would benefit them 
Even though renal hyperemia has beet 
demonstrated with Apresoline, — the 
filtration fraction usually decrease 
and the glomerular filtration rat 
changes insignificantly®-§ 

In view of the reports on the increas 
ed susceptibility of patients who ha: 
sympathectomies to Apresoline®.*? 
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the results here were surprising in that 
only one patient out of 4 had a re- 
sponse. 

In the future many of these patients 
are to be tried on one of the ganglionic 
blocking agents, and then a combina- 
tion of the 2 drugs. 

Summary and Conclusions. A group 
of 37 patients with hypertensive dis- 
ease were treated with Apresoline on 
an out-patient basis. Of these, 12 had 
a drop in diastolic pressure of 20% or 
more, either while supine or sitting. 
Eleven patients discontinued the drug 
due to side effects. The principal 
severe side effect was an occipital 
headache. 

Another group of 28 patients with 
hypertensive disease received identi- 
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cally-appearing placebos. Of these, one 
patient had a drop in diastolic pres- 
sure, while sitting, of more than 202%. 
Two patients discontinued taking 
placebos because of headache and 
nausea. Those patients followed more 
than 6 months, demonstrate that the 
significant difference in placebo and 
Apresoline persists after many months. 

Uremia appears to contraindicate 
the use of Apresoline. Placebo medica- 
tion will sometimes lower blood pres- 
sure. Apresoline is an agent worth 
trying in the treatment of hyperten- 
sive disease. 

At this time it does not seem to be 
possible to predict which patient will 
respond. 


would like to extend thanks to Dr. Helen E. Martin and Dr. 
for their assistance and criticism, and to Mrs. Leanore Edis and Mrs. Lois 
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MODIFICATION OF THE HYPOTENSIVE ACTION OF 1-HYDRAZINOPH- 

THALAZINE (APRESOLINE) BY PRISCOLINE, HEXAMETHONIUM AND 

SECTION OF THE CAROTID SINUS AND AORTIC BUFFER NERVES IN 
NORMAL AND RENAL HYPERTENSIVE DOGS 


By 5 W. McCussin, M.D. 


AND 


IRVINE H. Pacer, M.D. 


(From the Research Division of the Cleveland Clinic Foundation and the Frank E. Bunts 
Educational Institute, Cleveland, Ohio) 


A searcu for agents that enhance 
the hypotensive action of Apresoline 
would be rewarding if they increased 
the effectiveness of \presoline in the 
treatment of 
This study 


essential hypertension. 
measures the modifying 
action of 2 drugs, 2-benzvlimidazoline 
HCI (Priscoline) and hexamethonium, 
on the acute hypotensive response to 
intravenous Apresoline in normal and 
renal hypertensive dogs; the effect of 
states of altered activity of the carotid 
sinus and aortic buffer reflexes is also 
determined. 


Methods 
by a mercury manometer on a smoked drum 
from a cannulated femoral artery of adult 
mongrel dogs anesthetized with 
pentobarbital (30 mg./kg.). Renal hyper- 
tension was elicited by the perinephritis 


Arterial pressure was recorded 
sodium 


method of Pagel, and neurogenik hyperten- 
sion by section of the carotid sinus and 
aortic buffer nerves. Drugs were injected 
through a needle inserted into a femoral 
vein Apresoline (1 mg./kg.) was given 
by quick injection to normal and renal hy- 
pertensive dogs; retesting was done at inter- 
vals of not less than one week and _ the 
modifving action of either Priscoline or hex- 
amethonium on response to A presoline de- 
termined on separate occasions. The effect 
of section of the carotid sinus nerves one 
or more weeks prior to testing was then 
measured, following which the modifying 
effect of hexamethonium and Priscoline was 
remeasured as before. Retesting was done 
under as nearly identical conditions as 
possibl. 
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Results. These are summarized in 
Table 1. 

HYPOTENSIVI APRESOLINI 
IN NORMAL, NEUROGENIC AND RENAL HY 
PERTENSIVE DOGS. 


ACTION OF 


\presoline (1 mg. 
kg.) usually produced only slight fall in 
arterial pressure in normal anesthe 
tized dogs, and there was no correla- 
tion between magnitude of the re 
sponse and the control arterial pres- 
sure level. Arterial pressure began to 
decline 1 to 2 minutes after the injec- 
tion; responses were maximal usually 
within 8 to 12 minutes and _ arterial 
pressure remained at or near this level 
an average of 20 to 30 minutes. 
Hypotensive responses to Apreso 
line were essentially the same in renal 
hypertensive as in normal dogs, though 
somewhat larger responses were pres 
ent in 2 experiments. But nenrogenic 
hypertensive dogs responded with 
large and prolonged falls in arterial 
pressure, even when control arterial 
pressure levels were the same, or but 
slightly higher than in anesthetized 
normal dogs. 
INFLUENCE OF PRISCOLINE ON THI 
HYPOTENSIVE RESPONSE TO APRESOLINI 
Priscoline was given intravenously in 
doses of 4 mg./kg. until pressor ré 
sponses to injection of 10 gamma of 
noradrenaline were largely prevented 
or mainly reversed (total dose of 12 


H- 
IN 


ints 


in 


» to 
ally 
rial 
evel 


enal 
ugh 
yres 
with 
erial 
eria! 
but 
tized 


THI 
LINI 
ly in 


HYPOTENSIVE ACTION OF 1-HYDRAZINOPHTHALAZINE 633 


to 16 mg./kg.). Apresoline was not of 5 normal dogs and in 2 dogs with 
given until the initial sympathomimetic renal hypertension, despite somewhat 
action of Priscoline was mainly over lower resting arterial pressure level 
and decline in arterial pressure seemed after its administration. 

maximal. Priscoline enhanced the hy- EFFECT OF SECTION OF THE CAROTID 
potensive response to Apresoline in 4 sINUS NERVES ON HYPOTENSIVE ACTION 


TABLE 1.~HYPOTENSIVE ACTION OF APRESOLINE IN ANESTHETIZED NORMAL, 
NEUROGENIC AND RENAL HYPERTENSIVE DOGS AND MODIFYING EFFECT OF 
PRISCOLINE, HEXAMETHONIUM AND SECTION OF THE CAROTID SINUS NERVES 


Normal Hexamethonium Priscoline Section carotid Heramethonium Priscoline 
dogs 2 to 4.mg./kg.) (12 to 16 mg./kg.) sinus nerves (2 to 4 mg./kg.) (12 to 16 mg./kq.) 
170 182 135 148 
22 — 8S —] —18 — 88 
2 158 136 
13 — 3S 
; 120 106 135 77 
24 22 —51 — 25 
} 129 98 126 104 115 
13 — 43 —42 — $2 —49 
5 182 166 181 150 153 
—76 — 66 — 36 
6 166 122 
7 —$1 
7 150 152 124 
12 — 66 —12 
182 147 
7 — 69 
9 187 178 
10 25 
10 182 142 
82 — 27 
11 164 114 
36 —4 
Renal Hy pertensi ve 
1 226 190 186 228 146 
64 -2] —S80 — 106 — 46 
2 196 142 218 154 122 
72 —14 —994 — 438 — 54 
250 
12 
190 
0 
ISO 
— 
6 222 227 165 
— 22 .-18 — 67 


Neurogenic Hy pertensive 


1 190 
—116 
IS6 
-87 
8 160 118 
— 20 
t 178 
—98 
240 
— 146 
6 250 
— 126 


Top number represents control arterial pressure; number beneath represents hypotensive response to 


\presoline. All values in mm. Hg. 
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OF APRESOLINE. Section of the carotid 
sinuses between ties to ensure division 
of the carotid sinus nerves one or more 
weeks prior to testing caused marked 
augmentation of the hypotensive re- 
sponse to Apresoline in both normal 
and renal hypertensive dogs. Com- 
bined administration of Apresoline and 
Priscoline, as before section of the 
carotid sinus nerves, resulted in lower 
arterial pressure levels than adminis- 
tration of either drug alone. 

INFLUENCE OF HEXAMETHONIUM ON 
HYPOTENSIVE ACTION OF APRESOLINE. 
Intravenous hexamethonium (2 to 4 
mg./kg.) decreased, or did not change, 
the depressor response to Apresoline 
in both normal and renal hypertensive 
dogs. Arterial pressures were lower 
after hexamethonium but they were 
usually no lower, or not as low, as after 
Priscoline, and the latter drug aug- 
mented rather than diminished the 
depressor action of Apresoline. 

When hypotensive responses to 
Apresoline were increased in normal 
and renal hypertensive dogs by section 
of the carotid sinus nerves, adminis- 
tration of hexamethonium decreased 
the enhanced response, contrasting 
again with the effect of Priscoline. 

Administration of Apresoline (1 to 
3 mg./kg.) did not enhance the hypo- 


tensive responses to single doses of 
5 mg. of hexamethonium in normal 
dogs, but the combined effect of the 


2 drugs resulted in slightly lower ar- 
terial pressures than administration of 
either alone. 

Comment. The acute hypotensive 
action of Apresoline in dogs was not 
augmented by hexamethonium, and 
Apresoline did not enhance the hypo- 
tensive action of hexamethonium; their 
effects were additive; no synergistic 
action between the 2 drugs was found. 
Priscoline, on the other hand, lowered 
arterial pressure and also augmented 
the hypotensive action of Apresoline, 
with which it presumably acts syner- 
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PAGE: 


gistically. Thus, these results suggest 
that combined ther: apy with Priscoline 
and Apresoline would be more effec- 
tive in the treatment of hypertension 
than use of either drug alone, or use 
of hexamethonium and Apresoline to- 
gether. 

Renal hypertensive dogs were not 
more sensitive to Apresoline than nor- 
mal dogs, which implies that Apreso- 
line does not specifically oppose a 
mechanism mediating renal hyperten- 
sion, and this is in accord with clinical 
experience”. Neurogenic hypertensive 
] much more responsive to 


cogs were 
Apresoline and this is also 


in accord 
with clinical experience? since Apreso- 
line more effectively lowers arterial 
pressure in patients with hypertension 
believed to be 
genic. 

A point of interest lies in the obser- 
vation that section of the carotid sinus 
nerves 


predominantly neuro- 


alone, which did not cause hy- 
pertension or tachycardia, greatly in- 
creased the hypote nsive response to 
Apresoline. Such change in responsive- 
ness might provide an approach to 
the treatment of the too frequent severe 
hypertension usual 
therapeutic regimens, including Apres- 
oline. 
Summary. 
response to intravenous Apresoline is 
unchanged or diminished by prior treat- 
ment with hexamethonium and en- 
hanced by Priscoline in normal and 
renal hypertensive dogs; response to 
hexamethonium is unchanged or dimin- 
ished by prior treatment with Apreso- 
line. The combined effect of Apresoline 
and hexamethonium is additive while 
the combined effect of Apresoline 
and Priscoline is greater and probably) 
represents a syne rgistic action. Se nsitiv- 
ity to Apresoline is not increased i 
renal hypertensive dogs compared ee 
normal dogs; sensitivity is increased it 
neurogenic hypertensive dogs. Sectio 


unresponsive to 


The acute hypotensive 
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of the carotid sinus nerves alone did cardia but did markedly enhance the 
not result in hypertension or tachy- hypotensive action of Apresoline. 
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THe cinchona alkaloids have long 
been known to produce circulatory de- 
pression when administered parenter- 
ally in large amounts. This has indeed 
been viewed as an undesirable prop- 
erty of the drugs. However, recent 
studies have shown that these alka- 
loids may lower the arterial blood pres- 
sure when given by mouth in well- 
tolerated amounts. This was noted by 
Hiatt’s group in dogs with “neurogenic” 
hypertension’, though not in normal 
dogs® nor in those rendered hyperten- 
sive by renal artery clamps*. Similarly, 
Ferrer et al.®, during an investigation 
into the effects on the circulation of 
single oral doses of quinidine, observ- 
ed a transient but marked fall in blood 
pressure in man. In fact, the lowering 
of the blood pressure, which occurred 


New York, New York) 


in both normal and hypertensive per- 
sons, was the most consistent result of 
quinidine therapy. A reasonable basis 
for this effect can be developed from 
the vasodilatation®: 
blockade® known to follow adminis- 
tration of cinchona compounds. 

In light of this evidence, a study was 
instituted to determine the efficacy of 
quinidine and quinine as long-term 
therapy in human hypertension. It was 
felt that the usual procedures for eval- 
uating hypotensive drugs do not ade- 
quately control personal bias, the 
effects of treatment per se, and the 
spontaneous variability of the blood 
pressure. Therefore, this study was 
based upon the “double-blind” prin- 
ciple, by which the effects of a drug 
are compared with those of a placebo 


and adrenergic 


*This study was supported by a grant-in-aid from the Cinchona Products Institute, Inc 
°*During tenure of a New York Heart Association Research Fellowship 

°°°During tenure of a David, Josephine, and Winfield Baird Foundation Fellowship 

We are indebted to Dr. Harry Gold for his aid, advice and encouragement. 
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and neither the patient nor the attend- 
ing doctor is aware of the nature of 
therapy. 


Method of Study. The study was re- 
stricted to patients with long-standing hyper- 
tension. At the first visit they were divided 
at random into 2 groups, to receive 4-week 
courses of quinidine sulfate and placebo in 
alternate order. Observations were made at 
weekly intervals for changes in symptoms 
and blood pressure. At the end of this period, 
the patients were followed without therapy 
for at least 2 weeks, then redivided at ran- 
dom into 2 groups and given 4-week courses 
of quinine sulfate and placebo under the 
same conditions. 

PATIENT MATERIAL. The test population 
consisted of 44 patients drawn from the 
cardiac clinics of the Hospital for Joint Dis- 
eases and the Beth Israel Hospital. All had 
been under treatment for at least one year, 
most with a diagnosis simply of essential hy- 
pertension. An average of §.1 pressure deter- 
minations were available for each patient 
from the previous year in the cardiac clinics; 
the mean pressure for the group being 
193/109. No attempt was made to classify 
the cardiovascular abnormalities but. all pa- 
tients satisfied the following criteria; the 
mean blood pressure for the previous year 
and at the first study session was above 
150/90, normal sinus rhythm was present, 
and there was no evidence of valvular lesions 
nor congestive failure. Thirteen patients (34% 
of the group) had histories of prior failure 
but were maintained in compensation during 
this project. The cardiac regimens had pre- 
viously been stabilized and were not altered 
during the study. Eight patients were main- 
tained on mercurials while 5 required digi- 
talis and mercurials. Self-administration of 
other drugs was discouraged and the patients 
were questioned routinely for this possibility. 
It developed that 10 patients took occasional 
doses of other medication; nitroglycerine in 
3, Priscoline in one, and barbiturates in 8. 

The ages of the patients ranged from 43 
to 77 with an average of 58 years. Thirty- 
five were female and 9 male. Only oné was 
free of complaints throughout the study. The 
common symptoms, each of which occurred 
in at least 20% of the cases, were, in order of 
decreasing frequency: headache, palpitation, 
weakness, chest pain, nervousness, dizziness, 
tinnitus, and vague visual disorders. 

TEST PROCEDURE: Patients were usually 
seen by the same doctor at each visit. The 
subjects remained seated throughout each 
study session. After several minutes rest, the 


patients were asked to evaluate the preceding 
week as “better,” “worse,” or “the same,” by 
comparison with a “usual” week. They were 
then questioned for evidence of cinchonism 
and the severity and frequency of individual 
symptoms were determined. The — 
in turn evaluated the week as a whole before 
the blood pressure was taken. This was 
measured with a Tycos aneroid sphygmo- 
manometer following the procedure outlined 
by the American Heart Association’. Pressure 
readings were made 6 times at each visit, 
using both arms alternately with a minimum 
of 10 minutes time between readings on each 
arm. The importance of this maneuver to 
accurate measurements was demonstrated 
early. The mean for all patients of the first 
reading at the initial session was 201/115; 
the mean of the sixth reading was 187/112. 
One woman developed a fall in pressure of 
75/24 in the approximately 25-minute in- 
terval. The average for all readings at the 
first visit was 191/113, a figure which cor- 
responded closely to the mean of all readings 
for the previous year. At the end of each 
visit, medication for the next week was 
given. 

MEDICATION. Quinidine sulfate, quinine 
sulfate, and the lactose placebo were dis- 
yensed in identical identified only 
“ code number. Each capsule contained 
0.3 gm. of a drug. Physicians in contact 
with patients were not informed of the con- 
tents of the capsules. The patients were told 
that the test materials were “medicine for 
the blood pressure” and were instructed to 
take 3 capsules a day, one before each meal. 
This dose (0.9 gm. per day) was consid- 
ered to be the maximum amount of alkaloids 
which could be taken regularly by an un- 
selected group of patients, an opinion sub- 
stantiated by later experience. They were 
questioned at each visit as to the number 
of capsules actually ingested. Sixty-six per 
cent of the subjects took the full number of 
21 capsules per week during both the quin- 
idine-placebo and quinine-placebo courses. 
For the group as a whole, the doses actually 
taken each week averaged 19.8 during the 
quinidine study and 20.0 in the later quinine 
phase. 

HANDLING OF DATA. Since only one week’s 
supply of drugs was at a time, 


each acceptable test period required at least 
2 consecutive weekly visits. When appoint- 
ments were broken or patients took grossly 
inadequate numbers of capsules, the next 
weekly visit was omitted from the study and 
the particular drug administered for an addi- 
tional week. Such occurrences were not usual 
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during the first phase. Sixteen of the 44 pa- 
tients went through treatment with quinidine 
and placebo in consecutive weeks and the 
group requ ired a mean of only 9.0 weeks to 
complete the 8 treatment weeks. Cooperation 
was poorer in the quinine -placebo or 
Only 2 of the 18 patients completed this 
course without interruption and the average 
time needed to obtain 8 acceptable weeks 
was 16.8 weeks. 

Data summarized by 
no contact with patients. , 
for the first week on each drug was excluded 
from calculations, to accentuate any effects 
which might require time to appear. Thus 
the average treatment blood pressure for 
each individual was based upon the 18 read- 
ings taken during the last 3 weeks of admin- 
istration of each test material. The original 
blood pressure was taken as the mean of the 
6 readings at the first visit, before adminis- 
tration of any treatment. Average values and 
standard deviations for the group as a whole 


wert one who had 


The blood pressure 


were derived from the means of individuals. 
Differences between means both for indi- 
viduals and groups, were analyzed by the 


Fisher “t” test and 
significant if the 


were held 
or less. 


differences 
P val 
value was 


Results. EFFECTS OF QUINIDINE. All 
44 patieats received alternate 4-week 
courses of quinidine sulfate and place- 
bo. Twenty-one received quinidine 
followed by placebo. In the other 23 
the order of administration was re- 
versed. 

Blood Pressure. The blood pressure 
under quinidine therapy fell from the 
original mean for the group of 191/113 
to an average of 174/103. This mean 
fall of 17/10 mm. Hg was st: itistically 
significant for the group as a whole. 
When patients were considered indi- 
vidually, the effect was more striking. 
A statistically significant lowering oc- 
curred in the systolic pressure in 24 
patients (55%) and in the diastolic in 
26 (59%). In these patients manifesting 
significant reductions, the average fall 
was 30/16 mm. Hg and the maximum 
lowering was 79 points systolic and 48 
diastolic. In only 3 instances did the 
systolic pressure while on quinidine 
rise above the original level and the 
diastolic pressure was never raised. 


EFFECTS OF 


‘on placebo (Table 2 
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However, the placebo largely dupli- 
cated the effects of quinidine. The 
mean blood pressure during adminis- 
tration of lactose was 177/105, also 
representing a statistically significant 
fall from the initial level. On an indi- 
vidual basis, the lowering of the pres- 


sure was significant for 24 patients 
(55%) in the systolic range and 27 
(61%) in the diastolic. The average 
reduction in these selected patients 
was 24/12 and the maximum 59/35 
mm. Hg. 


Therefore, it became necessary to 
consider not only the effects of quini- 
dine on the blood pressure, but the 
effects of quinidine contrasted to those 
of placebo. The experiment was de- 
signed to permit such analysis, since 
each patient while receiving ‘the place- 
bo acted as his own control for treat- 
ment with the alkaloid and the original 
blood pressures could be ignored. Two 
facts became obvious from this com- 
parison of the 2 agents; the blood pres- 
sure declined after either ther: apy was 
started and whichever drug was given 
second was more effective (Table 1). 
The average pressure of 174/103 for 
the group while on quinidine was not 
essentially different from that of 
177/105 during placebo administration. 
However, when individual patients 
were considered, the majority showed 
statistically significant differences be- 
tween the pressures on quinidine and 
In 13 the sys- 
tolic readings were lower on pl: acebo 
and in 10 lower on quinidine. Unless 
a specific hypotensive action is attrib- 
uted to lactose, this difference must be 
due only to chance. The diastolic pres- 
sure was lower in 18 on quinidine and 
in 8 on placebo. This greater lowering 
of the diastolic readings, particularly 
in those patients given quinidine as 
the second drug (Tables 1 and 2), was 
the only possibly significant difference 
between the 2 agents. The import: ince 
of this is difficult to evaluate. If 
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chance governed the distribution it 
would be expected that equal numbers 
of patients would have been bettered 
by quinidine and placebo, or that 
equal numbers would fall into the cate- 
gories of “quinidine superior,” “placebo 


efficacy of quinidine was probably not 
meaningful. 

It is of incidental interest that the 
blood pressure 2 weeks following ces- 
sation of therapy was lower than that 
observed under treatment. The failure 


TABLE 1..- EFFECTS OF QUINIDINE AND PLACEBO ON MEAN BLOOD PRESSURE 


By order of administration 


Quinidine Quinidine 
Total first second 
Number of Patients 44 21 23 
Sy stolic Pressure 
Original! 191 = 24 187 + 21 194 + 26 
Quinidine* 174 + 22 173 = 19 175 = 25 
Placebo" 177 + 22 171 + 20 182 + 23 
Final 171 + 24 169 + 24 172 + 24 
Diastolic Pressure 
Original! 113 = 15 115 = 16 111 + 14 
Quinidine 103 + 15 106 = 16 99 = 13 
Placebo” 105 + 14 105 + 16 105 + 12 
Final 102 = 16 1038 = 18 101 = 15 


Values expressed as mean + standard deviation for groups of patients 

' from 6 readings on each patient at initial visit 
from 18 readings on each patient during last 3 weeks while receiving drugs 
from 6 readings on each patient 2 weeks after drugs stopped 


TABLE 2. COMPARISON OF EFFECTS OF QUINIDINE AND PLACEBO ON 


BLOOD PRESSURE OF INDIVIDUAL PATIENTS 


Total 

Number of Patients 44 
Systolic Pressure 

Quinidine “superior” 10 

Placebo “superior” 13 

No difference 21 
Diastolic Pressure 

Quinidine “superior” 18 

Placebo “superior” 8 

No difference 18 


By order of administration 


Quinidine ‘Quintiine 
first second 
21 23 

6 
9 4 
13 
6 12 
7 1 
8 10 


Mean pressure while on quinidine therapy compared to mean pressure on pla- 
cebo therapy in each patient. Differences between means evaluated by Fisher 
“t’’ test and considered significant if P value .05 or less. Numbers tabulated 
are the numbers of patients in each category. 


superior and “no difference.” These 
hypotheses were compared to the ob- 
served distribution by the quantity 
chi square method. By this procedure, 
the results were not found to be signi- 
ficantly different from a chance dis- 
tribution. Thus the slightly greater 


of the pressure to rise may be taken 
as another indication that the hypoten- 
sive actions were not induced by the 
drugs administered but stemmed 
rather from the treatment situation. 
Symptomatology. The patients re- 
ported moderate improvement in well- 
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being from quinidine administration. 
Forty-one percent of the patient-weeks 
were considered to show definite im- 
provement and only 23% were rated 
as worse than usual. Again though, 
quinidine must be compared with the 
placebo. On lactose, the patients clas- 
sified 38% of the weeks as better and 
23% as worse. (Table 3). It was of 
interest that the physician's evaluation 
agreed with the patients’ opinion less 
than 2/3 of the time. In general the 
doctor was more conservative, feeling 
that improvement occurred in 28% of 
the quinidine weeks and 26% of the 
placebo weeks. 

It was also of interest, in regard to 
the reliance which may be placed upon 
subjective symptoms in a study of this 
kind, to note the dissociation between 
the patients’ opinions of weeks as a 
whole and their opinions of changes in 
specific symptoms. It was a common 
occurrence to have a patient rate a 
particular week as considerably im- 
proved and then report an inc ‘ease in 
the severity and frequency of every 
symptom. The reverse 4 occurred 
less frequently. As shown in Table 3 
there was no real difference in effects 
on symptoms between the 2 materials 
tested. If the total weekly reports on 
all symptoms were considered, there 
was improveme nt in 30% of symptoms 
cn quinidine and 33% on_ placebo. 
Generally, headache and_ palpitations 
were most improved, weakness and 
dizziness least. The frequency with 
which placebos relieved headache is 
of particular interest in view of the 
number of anti-hypertensive measures 
recommended for control of this symp- 
tom. 

Finally, there was a total lack of 
correlation between changes in the 
blood pressure and changes in symp- 
toms. For example, 9 patients may be 
considered as showing the most im- 
provement in the blood pressure with 
statistically significant falls from the 
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original levels in both the sy stolic and 
diastolic pressure while on both quini- 
dine and placebo. The pressure reach- 
ed normal levels in 3 of these. Never- 
theless, only 29% of the total symptoms 
were improved and the patients them- 
selves considered only 40% of the weeks 
to have been benefited. These results 
were no different from those obtained 
in patients with little or no change in 
the blood pressure. 

Toxicity. A marked incidence of 
side-reactions developed. Many _pa- 
tients originally intended for inclusion 
in this project were unable to tolerate 
the dosage of quinidine and dropped 
from the study. The exact frequency 
cannot of course be stated but in sev- 
eral cases there appeared to be true, 
severe cinchonism. Of the 44 patients 
completing the study, 11 had symp- 
toms suggestive of cinchonism at the 
start and may be excluded from this 
consideration. Of the remaining 33, 
28 developed tinnitus, deafness, ver- 
tigo, visual difficulties, or gastrointes- 
tinal disorders during drug administra- 
tion. Once again, these complaints 
could be evaluated properly only by 
the “blind” comparison with the pli wce- 
bo. Of these 28 individuals, 18 had 
symptoms on both quinidine and 
placebo, none on placebo alone, and 
10 on quinidine alone. These last 10 
cases, remaining after exclusion of 
those patients unable to complete the 
study, those with possible cinchonism- 
like symptoms at the start, and those 
developing symptoms alike on the alka- 
loid and lactose, gave a minimum inci- 
dence of apparent cinchonism of 
some 23%. 

EFFECTS OF QUININE. After comple- 
tion of the quinidine-placebo study and 
at least 2 additional weeks without 
treatment, 18 patients who still mani- 
fested hypertension were carried 
through similar 4-week courses of 
quinine and placebo. The “original” 
blood pressure was that of the last 
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non-treatment week before this ther- 
apy was instituted. Thus the starting 
point for this phase of the project was 
the pressure after some 2% months of 
study. In 10 cases quinine was given 


Differences between the average pres- 
sure under quinine therapy and both 
the original value and the readings 
obtained while on placebo were insig- 
nificant. By individual patients, qui- 


first and in 8 pli icebo first. Since re- 
sults were similar to those obtained than did lactose in 3 instances 


TABLE 8.—-EFFECT OF QUINIDINE AND PLACEBO ON SYMPTOMATOLOGY 
OF 44 PATIENTS 


During Quinidine During Placebo 


the rapy the rapy 
Better orse Bett orse 
q 
Over-all Impression 
Patient's opinion of week 41 23 38 23 
Doctor's opinion of week 28 17 26 13 
Specific Symptoms 
Headache 37 28 40 24 
Palpitation 40 14 42 12 
Weakness 21 41 Q7 35 
Chest Pain 27 16 29 23 
Nervousness 27 15 30 10 
Dizziness 25 32 25 30 


Figures expressed in per cent of total weekly reports in each category. 
Factors considered unchanged are omitted from tabulation. 


TABLE 4.--EFFECT OF QUININE AND PLACEBO ON MEAN BLOOD PRESSURE 


By order of administration 


— 


Quinine 
Total Sirst second 

Number of Patients 18 10 8 
Systolic Pressure 

Original! 180 + 24 181 = 18 180 + 31 

Quinine? 182 + 25 181 + 20 182 + 31 

Placebo? 181 + 2] 184 = 14 178 + 27 
Diastolic Pressure 

Original! 108 + 15 106 + 15 11] = 15 

Quinine? 108 + 17 107 + 17 110 + 22 

Placebo? 109 = 15 107 + 14 1ll = 17 


Values expressed as mean + standard deviation in mm. of mercury. 
' from 6 readings on each patient at last visit before quinine or placebo instituted. 
’ from 18 readings on each patient during last 3 weeks while receiving drugs. 


nine lowered the systolic pressure more 


with quinidine, they may be presented _ the diastolic in 4 cases. However, the 


only briefly. 

Blood Pressure. There was no impor- 
tant change in the blood pressure dur- 
ing this second portion of the study. 
(he mean pressure for the group was 
180/108 at the start, 182/108 while 
on quinine, and 181/109 during ad- 
ministration of placebo. (Table 4.) 


placebo had a greater effect on the 
systolic tension of 5 and the diastolic 
of 4. These minor variations were un- 
doubtedly due to chance. 
Symptomatology. Quinine was of 
less benefit to symptoms than was the 
placebo. Only 30% of the weekly inter- 
vals were considered by the patients 
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to have been improved by the alka- 
loid while 40% were better on the 
placebo. In the opinion of the physi- 
cians seeing the patients, 29% of the 
placebo-weeks showed improvement 
and only 24% of the quinine-weeks. On 
the average, 9% of the symptoms were 
better when quinine was taken while 
15% showed improvement on lactose. 

Toxicity. Cinchonism was encoun- 
tered in many patients who had tol- 
erated quinidine but were unable to 
complete the course with quinine. Of 
the 18 finishing this course, 10 either 
had had no symptoms of cinchonism 
during quinidine treatment or previous 
toxic symptoms had dis: ippeared. All 
of these reported toxic effects in the 
quinine-placebo phase, 5 on both qui- 
nine and placebo, none on placebo 
alone, and 5 on quinine alone. Thus 
evident cinchonism developed in at 
least % of the group. 

Discussion. The results obtained 
yield information on 2 points; the ef- 
fect of cinchona alkaloids on human 
hypertension and the problems inher- 
ent in evaluation of hypotensive agents. 
The former subject may be considered 
briefly. Certainly neither quinidine nor 
quinine was of the slightest specific 
benefit to the well-being of the pa- 
tients, whether one considers the pa- 
tients’ opinions of their general health, 
the physicians’ evaluation of the clini- 
cal course, or the status of individual 
symptoms. In each case, the apparent 
benefits induced by the alkaloids were 
equalled by the | actose placebo. Simi- 
lar comparison with the results of 
placebo therapy indicated that quinine 
and quinidine were also without par- 
ticular effect on the arterial pressure. 
It may be that the failure to confirm 
the previously reported vasodepressor 
actions of the alkaloids was due to the 
smaller amounts administered in this 
investigation. The group of Ferrer’, for 
instance, used a single dose of 0.9 gm. 
of quinidine. However, the present 
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study was designed to evaluate the 
pr olonge d use of the drugs. The dosage 
system used, 0.3 gm. 3 times daily, 
was found commonly to produce un- 
desirable side-actions and could not 
be tolerated by many patients, partic- 
ularly when quinine was adeniniste red. 
An attempt was made to repeat the 
test of quinidine, giving 0.6 gm. at a 
dose, but this proved so toxic that the 
procedure was abandoned promptly. 
It can be assumed that the amounts 
prescribed were as large as could be 
tolerated by most patients on a long- 
term basis. 

Of greater import were the obser- 


vations related to evaluation of hypo-- 


tensive drugs. It should be emphasized 
that this experiment was performed on 
a group of patients with hypertension 
of long standing. All had received var- 
ious forms of treatment according to 
usual clinic procedures for long per- 
iods, in some cases for several years. 
The multiple previous determinations 
of the blood pressure were in good 
agreement with the initial readings 
obtained in this test, indicating that 
the starting point of the study was a 
repre sentative one. Certainly ~ group 
could safely be considered as “stabil- 
ized” hypertensives. Yet “a mere in- 
stitution of a new treatment situation, 
with more time and concern devoted 
to each patient and the dispensation 
of a new drug, produced a lowering of 
the blood pressure which was often of 
a dramatic nature and which continued 
for some months. Ayman? described 
these effects of treatment per se in 193] 
but even today the problem is not fully 
appreciated. Ordinz irily the only con- 
trols in a study of anti- -hype rtensive 
therapy are sté itistical analyses. Such 
methods have been used herein and 
have proved useful, but only as a 
check upon the random variability of 
the blood pressure. It must be reiterat- 
ed that hypertension varies not only by 
chance but additionally in response to 
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a definite factor, the nonspecific ef- 
fects of treatment. Mathematical inter- 
pretations alone cannot control this 
factor and statistics are no substitute 
for a properly designed experiment. 
The procedure used in the present ex- 
periment appears to control the non- 
specific effects of therapy and to permit 
accurate evaluation of drugs. Cer- 
tainly if this study had been perform- 
ed in the usual manner, (with deter- 
mination of the “control” status of the 
patients, administration of the test 
drug alone under “non-blind” condi- 
tions, and statistical analysis of the re- 
sults) completely erroneous conclu- 
sions as to the value of quinidine would 
have been reached. 

The “double-blind” principle also 
appears to be essential. The impor- 
tance of using a placebo, while keep- 
ing the patient ignorant of the fact, is 
obvious from inspection of the data. 
Probably even more important is the 
need to keep the physician uninformed 
of the identity of the substance admin- 
istered. We are convinced that the sub- 
conscious bias of investigators, either 
for or against a proposed measure, will 
be manifest in the results obtained. 
This view has some support from other 
quarters. Ayman! demonstrated that 
placebos effectively controlled symp- 
toms in hypertension when administer- 
ed with deliberate enthusiasm. Jonas’ 
has shown how a physician, without 
words but simply by facial expressions, 
can alter the blood pressure at will. 
It is essential then to conduct studies 
in hypertension so that the attitudes 
of the physicians cannot affect the 
data and conclusions; the “double- 
blind” technique is suggested for this 
purpose. 

The unreliability of subjective fac- 
tors in hypertension, as a guide to re- 
sults of treatment, was also demon- 
strated. The symptoms bore no visible 
onnection to any other factor. There 
was no relationship between the height 
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of the blood pressure and the severity 
of symptoms in any individual and 
none between symptomatic improve- 
ment and changes in the pressure. Pa- 
tients often reported themselves im- 
proved by treatment yet were unable 
to distinguish between the effects of 
the alkaloids and the placebos and 
frequently contradicted themselves on 
detailed questioning. Attending physi- 
cians, possibly with caution induced by 
the “double-blind” nature of the ex- 
periment and the necessity of forming 
an opinion each week before determin- 
ing the blood pressure, came to con- 
clusions concerning the patients’ prog- 
ress which often were at variance with 
the condition of the pressure and the 
opinions of the patients themselves. 
It can only be concluded that opin- 
ions on subjective factors, whether ex- 
pressed by the patients or the physi- 
cians, are meaningless. Indeed it would 
seem that the symptoms of hyperten- 
sion have little if any connection with 
the hypertension itself. This opinion is 
supported by the recent report af 
Stewart!! who found that the incidence 
of headache, in particular, was related 
not to the presence of hypertension but 
to the patient's awareness of an elevat- 
ed pressure. He concluded that in most 
instances this symptom represents a 
manifestation of anxiety. Similarly, 
Droller, Pemberton and Roseman‘ 
found that the presence or absence of 
hypertension did not influence the fre- 
quency of “hypertensive” symptoms in 
elderly patients. 

Summary. The “double-blind” prin- 
ciple for analysis of drug effects has 
been adapted to a study of therapy in 
hypertension. The efficacy of the 
cinchona alkaloids has been anal- 
yzed by this procedure. 

Quinidine produced apparently dra- 
matic effects on the blood pressure and 
symptomatology of hypertensive pa- 
tients. However, the results were du- 
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plicated by use of a lactose placebo 
and it was concluded that quinidine i 
of no value in hypertension. Similarly, 
quinine was shown to be without spe- 
cific effects. 

The observations have been discus- 
sed in relation to the difficulty in eval- 
uation of therapy for hypertension. The 
chief points made were that it is pos- 


is 


sible to lower the blood pressure and 
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improve the symptomatology even in 
“stabilized” hypertensives, that subjec- 
tive opinions both of patients and doc- 
tors are valueless in evaluation of 
ther: apy, and that statistical analysis 
alone is not an adequi ite control of the 
experiment. It is considered that the 
“double-blind” characteristic should be 
an integral part of any studies on hy- 
pertension. 
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In recent years the study of the 
metabolic factors operative in the 
pathogenesis of hepatolenticular degen- 
eration have followed two main lines 
of approach, each being based on ob- 
servations seemingly unrelated in their 
nature, but both having definite speci- 
ficity for this disease in their occurrence. 
The persistent and often massive 
aminoaciduria first described in this 
Journal*', and since then amply con- 
has emerg- 
ed as the single most constant meta- 
bolic feature of the disease, being 
present as a familial stigma, and oc- 
curring in asymptomatic siblings in a 
family where one or more members 
are affected with the disease!*:**-?4, The 
characteristic pattern in its occurrence 
and the lack of correlation between 
the aminoaciduria and the degree of 
hepatic involvement has been empha- 
sized previously**, and has received 
due attention in a recent comprehen- 
sive review on the subject. 

The second path toward elucidation 
* the underlying metabolic factors 
hat eventually produce the disease 
ntity has followed the observations 
nade some two decades ago of an 
ncreased amount of copper deposition 
0 the brain and liver'-'’ in these pa- 


tients. Although heavy metal deposi- 
tion had been considered as a possible 
etiologic agent at an early stage of our 
recognition of the disease entity, 
arguments to the contrary had_pre- 
vailed until recently, when the original 
observations of Haurowitz!® were con- 
firmed and enlarged upon by Mandel- 
brote and his associates'*, Cummings’, 
and others®'?. These observations, in 
turn, prompted therapeutic trials with 
BAL (2, 3, di-mercapto-propanol ) in- 
jections to patients in an effort to re- 
move the accumulated copper from 
the tissues. Such attempts initiated by 
Denny-Brown and his associates® in 
the United States, and reported by 
Cummings‘ in England, provided pa- 
tients with temporary remissions and 
sometimes with considerable amelior- 
ation of symptoms. It became evident, 
however, that the removal of copper 
per se could not influence the inherent 
metabolic defect, and was probably 
only effective in liberating temporarily, 
for functional purposes, metal-bound 
cytoplasmic constituents and enzymes. 
Treatment with BAL did not alter the 
aminoaciduria*® of these patients, nor 
was Clinical amelioration of symptoms 
accompanied by decrease in the 
These observations, 
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together with the findings that asymp- 
tomatic siblings of pé atients with Wil- 
son’s disease showed no cupruria nor 
increased copper excretion on treat- 
ment with BAL, although demonstrat- 
ing persistent aminoaciduria, prompted 
the suggestion that two distinct, but 
prob: bly mutually complementary 
factors were responsible for the 
nosologic entity designated as hepa- 
tolenticular dege neration' 22, 

The aminoaciduria was considered 
to be the primary defect since it ap- 
pears to be present in the asympto- 
matic stages of the disease, occurs in 
asymptomatic siblings of affected pa- 
tients, is found to be independent of 
the degree of hepatic involvement, 
and is unrelated to the severity of 
neurologic symptoms. A second factor, 
possibly related to the primary defect 
causing the aminoaciduria, was postu- 
lated':*2 to account for the involve- 
ment of the nervous system. The dis- 
turbance manifested by excessive 
copper accumulation in the tissues was 
incriminated as representing this sec- 
ond factor’ although no modus 
operandi could be assigned to it. At- 
tempts to establish a relationship be- 
tween the cupruria and aminoaciduria 
became clearly indicated as a prelim- 
inary step in evaluating the significance 
of copper in the pathogenesis of hepa- 
tolenticular degeneration. Such an at- 
tempt was forthcoming in the inter- 
esting work of Mathews, Milne, and 
Bell?®, who showed that the urinary 
excretion of copper in their 2 patients 
could be increased by the ingestion of 
large doses of glycine and alanine. It 
was inferred that the copper was prob- 
ably excreted in the form of a copper- 
chelate in which the amino acid forms 
a non-ionizable complex with the cop- 
per. Thus, the metal, though nor- 
mally not diffusible because of binding 
with serum proteins, could pass into 
the glomerular filtrate in the chelated 
form. The occurrence of just such a 
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state, however, could not be shown. 
The results of these investigators sug- 
gested the conclusion that the abnor- 
mally high excretion of copper in the 
urine in the absence of proteinuria oc- 
curs only when there are both increas- 
ed copper in the tissues and abnormal 
aminoaciduria, this combination being 
almost specific for Wilson’s disease. Be- 
cause of the lack of information on 
simultaneous determinations of copper 
ii tissues, blood serum, and urine, the 
strange paradox which hepatolenticular 
degeneration is reported to present in 
terms of combining an abnormally ele- 
vated copper retention in tissues with 
excessive elimination of the metal in 
the urine presents an incongruity diffi- 
cult to explain except by postulating a 
greatly increased absorption of copper 
from the intestinal tract in this dis- 
ease’’. Evidence for this is lacking, 
and the paradox may well be resolved 
by the finding that copper retention in 
tissues on one hand and cupruria on 
the other represent different phases of 
the disease process, especially since 
asymptomatic siblings of patients hav- 
ing Wilson’s disease have been found 
to have the characteristic aminoacid- 
uria, without exhibiting cupruria. 
Nevertheless, establishing the relation- 
ship of the aminoaciduria to increased 
copper excretion, in patients who do 
exhibit the latter in the resting state, 
would be an important step in the 
elucidation of the chemical pathogen- 
esis of the disease beyond the sugges- 
tion of a lowered renal threshold for 
both substances. This becomes espe- 
cially important in view of the specific 
peptiduria represented by the excretion 
of oligope ptides with dicarboxylic acids 
as terminal residues recently described 
in this disease? and the known affinity 
that such peptides possess toward for- 
mation of stable complexes with cop- 
per. That the mechanism of enrich- 
ment of tissues in copper in hepa- 
tolenticular degeneration may reside in 
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the formation of stable complexes be- 
tween copper and tissue peptides with 
terminal dicarboxylic acid residues has 
been suggested by Brick', assuming 
that the specific peptiduria reflects a 
disturbance in tissue proteolytic en- 
zymes, resulting in the accumulation 
of abnormal peptide residues in the 
cells of organs that eventually do show 
increased amounts of copper deposi- 
tion. 

The present §tudy had its origin in 
the observation: that the specific pep- 
tides previously described did not ap- 
pear on the chromatograms of fraction- 
ated urine samples of a classical case 
ot Wilson’s disease in spite of the pres- 
ence of gross aminoaciduria. Investi- 
gation of the possible reason for our 
failure to detect such peptides with 
ninhydrin spraying culminated in the 
finding that these peptides were pres- 
ent as copper-chelate complexes in the 
urine samples examined, and hence 
would not be expected to react with 
ninhydrin when partitioned on paper 
chromatograms. However, the release 
of copper could be effected by acid 
treatment, and the peptides could then 
be identified with ninhydrin. This 
observation provided a clue to the 
mechanism of cupruria in cases accom- 
panied by aminoaciduria in Wilson's 
disease, and was further investigated 
by development of a technique of 
fractionation of the urine of such pa- 
tients for isolation of the peptide- 
copper complexes. It could be shown 
that the bulk of the urinary copper ex- 
creted by a patient with Wilson's dis- 
ease appeared in the urine as. a 
chelate with dicarboxylic amino acid 
peptides. 


Report of Case. A 14-year-old boy ( patient 
f Dr. John A. Davies) was admitted to the 
soston Children’s Hospital in October, 1951, 
vith a history of progressive slurring of 
peech and incoordination of movements of 
rms and legs of 2 years’ duration. Onset 


f symptoms had been marked by “giggly- 


ness” and emotional incontinence. There were 
no headaches, blurring of vision, or sensory 
disturbances at any time. Swallowing of food 
had become slightly difficult at the time 
of admission. Tremor of the extremities was 
denied. The past history was non-contributory. 
There had been no severe illness with a pro- 
longed febrile episode. The patient was an 
only child. Jaundice and convulsive seizures 
were denied. The family history was highly 
suggestive in that one paternal and two ma- 
ternal cousins had died of “degenerative 
brain diseases” of unkown types. More infor- 
mation on this aspect of the history was un- 
available. 

Physical examination disclosed a_ well- 
nourished, well-developed boy in no physical 
discomfort. Marked euphoria and a. silly, 
fixed grin were evident. Examination of the 
cornea disclosed bilateral Kayser-Fleisher 
rings of classical type. The liver was just 
palpable at the right costal margin, presenting 
a smooth, nontender edge. There were no 
spider angiomas, nor evidences of portal hy- 
pertension. Neurologic examination disclosed 
no abnormality of cranial nerves. Nystagmus 
was absent. Eye grounds were normal. The 
lips were kept parted constantly, and there 
was persistent drooling of saliva. Speech was 
slurred with an explosive quality at the ter- 
minal syllable. There was palatal tremor 
without paralysis. Motor power was good 
throughout the body. Tendon reflexes were 
bilaterally equal and exaggerated. There was 
no ankle clonus. Bilateral Babinski signs 
were easily elicited. There was marked motor 
incoordination, affecting the upper extrem- 
ities more severely than the lower. There was 
no tremor at rest. A severe cerebellar type of 
ataxia with a flapping-action tremor was evi- 
dent on finger-to-nose tests, bilaterally. The 
heel-to-shin tests were poorly performed. The 
gait was ataxic, but Romberg’s sign was ab- 
sent. Mild rigidity was observed on passive 
motion, involving the arm and leg on the 
right side. Titubation of the trunk was evi- 
dent. The sensorium was intact in all modal- 
ities. 

Examination of the blood and routine lab- 
oratory tests were entirely normal. The urine 
was constantly acid with a specific gravity 
varying between 1.013 and 1.036. No reduc- 
ing substances were detected on repeated ex- 
amination. Prothrombin time was 13.1 sec- 
onds (control, 14.2 seconds). Bromsulfon- 
phthalein tests (5 mg./kg.) showed 3.2% 
residual dye after 30 minutes and 2.4% dye 
after 45 minutes. The thymol turbidity was 
1.0; thymol flocculation, 0, and cephalin 
flocculation was reported as one plus. On 
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repetition 3 months later, the results of liver 
function tests were essentially the same. 
Spinal fluid examination was entirely nega- 
tive. On two separate occasions, estimation 
of the serum alpha amino nitrogen gave 
values of 4.55 and 4.58 mg. per 100 ce. 

The patient was seen by Dr. Denny- 
Brown and BAL therapy was started on his 
recommendation. Intramuscular injections of 
1 ce. of BAL (10% solution in peanut oil) 
twice daily for 20 days, followed by a rest 
interval of one month, was the schedule used. 
Three such courses were given. The urine 
was collected just prior to each BAL course 
for the studies reported in the following sec- 
tions. The motor incoordination appeared 
greatly improved after this therapy, oling 
and slurring of speech were decreased, and 
the patient was able to attend a special school. 
However, 8 months after the initial admission, 
the liver was palpable 2 fingerbreadths below 
the right costal margin, although the liver 
function tests were still normal. Permission 
for biopsy of the liver was refused. 

STUDIES ON THE URINE. The urine was col- 
lected as pooled 24-hour samples during per- 
iods when the patient was not receiving BAL. 
Toluene was used as a preservative in each 
instance. The total volume of each sample 


was measured, and the samples were allowed 


to stand at 0° C. until analyses could be car- 
ried out. All samples studied were free of 
protein and reducing substances. Appropri- 
ate aliquots were removed for determination 
of total alpha amino nitrogen by formol 
titration. Smaller aliquots were used for one- 
dimensional and_ two-dimensional paper 
chromatography, using phenol-water as the 
first and butanol-acetic acid-water (50:10:40) 
or collidine-water, or butanol-ethanol-pyridine 
(60:20:20) as the second solvent system. 
The patient was found to have persistent 
and massive aminoaciduria (Table 1). 
Chromatography showed this to be general- 
ized in nature with a preponderance of 
threonine, arginine, asparagine, and alanine. 
On one occasion 735 mg. of tyrosine could 
be crystallized out directly, by allowing the 
urine (pH 6.0) to stand 24 hours at 2.0° C. 
This aminoaciduria was accompanied by 
cupruria that showed considerable variation 
and appeared to bear no direct relationship 
to the magnitude of the aminoaciduria 
(Table 1). Copper was measured by the 
method of Eden and Green?. Preliminary 
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semiquantitative estimates of the copper con- 
tent were made by wet digestion of 15 cc. 
of urine with concentrated HC1 followed by 
fuming nitric acid digestion. The residue was 
evaporated to a solid crystalline mass, dis- 
solved in water, and neutralized with alkali. 
Different amounts of known aliquots were 
then used for the detection of copper with 
rubeanic acid® by spot test, according to 
FeiglS. Samples that had too low copper 
contents were not used in the fractionation 
procedure described in the following section. 

FRACTIONATION OF URINARY PEPTIDES. The 
procedure described previously?2_ for the 
fractionation of urinary peptides having di- 
carboxylic amino acid terminal residues was 
slightly modified for the separation of pep- 
tide-copper chelates. The urine was acidified 
with N-HCl to pH 5.5 and a 10% BaCl, 
solution was added dropwise. The ensuing 
heavy white precipitate was removed by fil- 
tration and discarded, and more barium 
chloride was added until no more precipitate 
formed. The urine was filtered, and the clear 
supernatant was tested with a few more drops 
ot BaCl. solution to ensure the removal of 
all precipitable material at acid pH. To the 
supernatant a saturated solution of barium 
hydroxide was next added dropwise until the 
reaction mixture was brought to pH 7.8. The 
heavy white flocculate which ensued was re- 
moved by centrifugation (Fraction Ba I). 
To the combined clear supernatants an equal 
volume of 95% ethanol was added, and the 
mixture was allowed to stand in the cold 
room at 2° C. overnight. The ensuing pre- 
cipitate was collected by centrifugation and 
designated Fraction Ba II. To the super- 
natant from this fraction more ethanol was 
added in an amount corresponding to the or- 
iginal volume of urine. The ensuing precipi- 
tate was again collected (Fraction Ba III) 
and the supernatant was again treated with 
more ethanol (equal in amount to the original 
volume of the untreated urine) to yield 
Fraction Ba IV. Fraction Ba V was obtained 
from the supernatant in like manner by pro- 
gressively increasing the ethanol concentra- 
tion. Fractions Ba VI to Ba IX were negli- 
gible in amount (ca 10 mg./liter of urine) 
and were discarded after ascertaining that 
they contained no copper. Ba X contained 
the bulk of the urinary aspartic and glutamic 
acid in the form of the barium salt, as ex- 


*Rubeanic acid (dithio-oxamide, HAN—-C—C—NH.:) is a sensitive reagent for copper, yield- 
ing a brown-black precipitate in alkaline or slightly acid medium, the concentration limit 
being about 1:2,500,000. The reagent was added as a 1% soln. in 50% ethanol. 
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pected according to the principle of Foreman 
precipitation of these amino acids. 
Barium Fractions I, II, III, IV, V, and X, 
obtained in the foregoing manner were 
then treated with 0.5N H:SO, with special 
care so that at no time did the pH go below 
7.0. Each fraction was placed in a water 
bath at 40° C. for about 30 minutes, and 
the precipitated BaSO, removed by centri- 
fugation. The barium-free supernatants were 
then made up to 25 cc. in volume with water, 
and suitable aliquots (A) were removed for 
copper estimations’. Other aliquots (B) were 
taken for chromatographic analysis. A third 
aliquot (C), 10 cc. in amount, was taken 
to dryness in vacuo and treated with 2 ce. 
of 6N HCl1 for 20 minutes at 40° C. to liber- 


paper for 5 minutes in an oven at 110° C. 
The spots had an Rr of 0.20 to 0.38, and 
their size varied in direct proportion to the 
amount of material placed on the starting 
line of the chromatogram. Chromatograms 
which were first treated with 0.5N HCl, 
heated, and subsequently treated with 0.2% 
ninhydrin in n-butanol showed strong purple 
areas corresponding exactly to the areas that 
reacted with rubeanic acid to give a black 
area. This was taken as indicating that the 
copper in these fractions is present as a com- 
plex with the peptides, this complex being 
broken by acid treatment, thus allowing the 
peptides to react with ninhydrin. Other 
chromatograms to which 0.05 to 0.10 yg. of 
copper as copper chloride were added as con- 


TABLE 1. AMOUNTS OF AMINO NITROGEN AND COPPER EXCRETED 
BY OUR PATIENT 


24-Hour Total alpha 

urine volume, amino nitrogen 

Sample ce. per 24 hrs., mg. 
| 1570 1894 
2 1680 1120 
3 1120 1160 
1770 1445 
5 860 1760 
6 1580 876 
7 1500 1120 
8 1675 982 


ate the copper. The acid solutions were 
brought to pH 6.0 by addition of dilute alkali, 
and the copper ions were quantitatively pre- 
cipitated by addition of 1.0 cc. of a 1% solu- 
tion of rubeanic acid.* The precipitate was 
removed by centrifugation, and the super- 
natant was reduced to 1.0 cc. in volume in 
vacuo. 

Paper chromatography of aliquots (B), in 
phenol-water systems, showed no ninhydrin- 
acting spots. Accordingly, other strips were 
prayed with 0.5N HCl, and the paper was 
ated in an oven at 120° C. for 10 minutes. 
After this period, a 1% ethanolic solution of 
rubeanic acid was evenly sprayed on, and 
the paper was allowed to stand in air. Within 
a few minutes, dark brown spots appeared 
which could be intensified by placing the 
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Total Peptide amino nitrogen 
urinary copper, as % of total amino 
ug. nitrogen 
S17 15.2 
640 20.2 
Traces 15.4 
17 16.8 
217 17.4 
495 16.8 
Traces 8.0 
24 11.0 


trols showed no circumscribed areas when 
sprayed and developed with rubeanic acid, 
but gave streaks having their origin at the 
starting point. 

Chromatograms of aliquots (C) showed 
no dark areas on treatment with rubeanic 
acid, indicating prior removal of all the 
copper. Treatment with ninhydrin revealed 
purple-red staining = with Rr of 0.24 to 
0.42. Accordingly, larger aliquots of (C) 
were placed as a line on large (14 by 18 inch- 
es) sheets of Whatman No. 1 filter paper and 
chromatographed with phenol-water. A guide 
strip was treated with ninhydrin, and the cor- 
responding area was cut out of the large 
sheet. The material was eluted overnight with 
water to yield a final volume of 1.4 cc. This 
material was divided into two equal portions, 


*The black precipitate that is thus formed is believed to consist of the inner complex salt 


o! the di-imido form of rubeanic acid: 


C——C 
\ \ 
S NH 
\Cu 


: 
| 
Re 
d 
l. | 
m 
te 
ar 
: 7 
of Ne 
1e | 
m 
1e | 
he 
e- 
al 
he | 
ld 
nd 
yas 
Or- 
pi- | 
ith 
nal 
eld 
red 
ro- 
ra- | 
| 
1e ) | 
hat 
ned | 
mic 
ex- | 
eld- 
imit 
dk 


650 UZMAN: 


one of which was hydrolyzed with 6N HCl 
in sealed tubes at 110° C. for 6 hours for 
chromatographic analysis of the amino acid 
constituents of the peptide, and the other 
treated with 2-4-dinitrofluorobenzene to label 
the terminal amino acid residue!’. Identifica- 
tion of the ninhydrin-reacting substances as 
oligopeptides having aspartic or glutamic acid 
terminal residues (with the amino group of 
the dicarboxylic acid free) was effected by 
the method described previously??. 

In some instances in which the content of 
amino acids in the urine was extremely high 
(more than 1.0 mg. amino-nitrogen/cc.), the 
barium-ethanol fractionation also led to the 
precipitation of amino acid-barium salts _to- 
gether with the peptides. This was most pro- 
nounced in Fractions Ba I, Ba II, and Ba III. 
After removal of the barium as described, the 


TABLE 2.—THE ASSOCIATION OF 


Chromatogram 
developed with 
rubeanic acid 


Copper, 
Fractions ug. 


Ba I 320 


Chromatogram of samples freed 
of copper (aliquots C) developed as 
with ninhydrin 


Single large area Single large 
+ ++ (peptide) 


the copper migrated with the urinary oligo- 
peptides present in these fractions. 

No complex formation with amino acids 
or peptides could be shown, by chromatog- 
raphy or fractionation, when known amounts 
of copper (100 to 1000 ug. of copper/liter 
of urine) were added to normal male urine 
or to the urine of our patient with Wilson’s 
disease. 


Discussion. From the data presented, 
it appears that the copper found in the 
urine in Wilson’s disease is present 
mainly as a complex with urinary pep- 
tides of ; 1 specific structure, that is, 
those having dicarboxylic amino acids 
as terminal residues. This would con- 


URINARY PEPTIDES AND COPPER 


Copper recovered in fractions 
©) of total copper excreted 
in urine (680 yg. 


area 47.0 


Rr=0.24 to 0.42 (phenol-water 


Ba II 270 +44 Single large area 39.8 
Rr=0.20to0.40 


Ba Il 17 + Peptide (faint), plus glutamic 2.5 
acid, aspartic acid, and lysine 
Ba IV IX None None Traces of threonine, serine, None 
leucine, and valine 
Ba X None None Aspartic acid and glutamic acid None 
Residual Traces None 14 amino acids, but no glutamic 
urine or aspartic acids 


amino acids could be separated from the 
peptides by taking the supernatant almost to 
dryness in vacuo and extracting the brownish 
magma exhaustively with hot n-butanol (60° 
C.). The pe ptides were recovered in the 
butanol-insoluble residue and studied as has 
been described. 

The distribution of the urinary copper with 
respect to the various fractions described is 
given in Table 2. It is evident that the bulk 
of the urinary copper is found in the frac- 
tions that contain the peptides excreted in 
Wilson’s disease. No significant amount of 
the metal could be detected in those frac- 
tions containing the bulk of the free amino 
acids. Examination of the fractions obtained 
from six 24-hour specimens showed the bulk 
of the urinary copper to be present in those 
fractions designated as Ba I and Ba II, while 
chromatography indicated unequivocally that 


stitute strong evidence for the concept 
that the copper ultimately recovered 
in the urine passes from the blood into 
the glomerular filtrate in the form of 
the copper-peptide chelate. Although 
the diffusion of serum copper into the 
glomerular filtrate in normal subjects 
cannot be inflexibly denied at the pres- 
ent time, the bulk of the evidence, as 
summarized by Mathews and his as- 
sociates'®, would tend to support the 
in vitro work that shows all the serum 
copper to be present in undialyzabk 
form, being bound to serum proteins 
It also seems unlikely that the urinary 
copper is derived from the filtration o! 
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amino acid-copper complexes from se- 
rum, since the formation of such com- 
plexes cannot be shown to take place 
even with enormous plasma-free amino 
acid concentrations produced _arti- 
ficially’®**, the plasma-bound copper 
having a much higher affinity for the 
plasma proteins than for free amino 
acids. This is supported by the obser- 
vation that the magnitude of the 
aminoaciduria bears no relationship to 
the cupruria in the resting state, as 
was also observed in the present study. 
One is thus directed to the conclusion 
that the urinary copper-chelates are de- 
rived directly from copper-peptide 
complexes re ‘leased from tissue sources 
and are not formed de novo in the 
plasma of patients with Wilson’s dis- 
ease. Whether the peptide moieties of 
these copper-chelates exist as such in 
tissue or whether they are formed in 
the course of faulty proteolytic activ- 
ity leading to incomplete hydrolytic 
cle savage of tissue proteins is not ger- 
mane to the present problem, although 
it is undoubtedly crucial in the even- 
tual formulation of the pathogenesis of 
the disease. However, the presence of 
copper-peptide complexes in the urine 
in this disease strongly suggests that 
the formation of such copper complexes 
with larger peptide residues in tissues 
may explain the fixation of this metal 
in organs like liver and brain. In this 
sense, the deposition of copper would 
be the manifestation of a process corol- 
lary to the original defect in the syn- 
thesis and breakdown of tissue pro- 
teins resulting in urinary excretion of 
cligopeptides of specific nature, and 
aminoaciduria. The existence of such a 
state was proposed recently by Brick’. 
The finding of an increase in the 
ipruria as a result of artificially in- 
‘uced elevations in the serum glycine 
and alanine levels in these patients!® 
mstitutes insufficient basis for the as- 
imption that the copper is excreted as 
a amino acid-copper chelate in hepa- 
tclenticular degeneration. In none of 


nna 


our studies could the existence of such 
chelates be shown in the urine of our 
patient, in spite of pronounced amino- 
aciduria. An alternate explanation for 
the observations of Mathews and bis 
associates can be sought in the factors 
responsible for the aminoaciduria_ it- 
self. Thus, if the aminoaciduria is due 
to competition for resorption at the 
tubular level between amino acids and 
oligopeptides, such competition result- 
ing in the preferential resorption of 
oligopeptides (with their partial elim- 
ination in the urine) and exclusion of 
amino acids (resulting in gross amino- 
aciduria ), as suggested previously by 
us?2, sudden increases in the concen- 
tration of a particular amino acid in 
the glomerular filtrate, as induced by 
Mathews and his associates'® would up- 
set the equilibrium for competitive re- 
sorption precariously maintained, re- 
sulting in decreased tubular absorption 
of oligopeptides. Therefore, if the 
oligopeptides are present at times as 
the copper complexes (as shown in this 
study) in the glomerular filtrate, an 
increase in the aminoaciduria induced 
by the ingestion of glycine and alanine 
would also result in an increase in the 
excretion of copper. In contrast, no 
such rise in urinary copper was found 
in 4 normal subjects in spite of a com- 
parable rise in serum and urinary 
amino-nitrogen levels in the studies of 
Mathews and his associates'®. This ob- 
servation is perfectly reconcilable with 
the concept that the “renal aminoacid- 
uria” of Wilson’s disease is different 
in nature from the “renal threshold 
overflow aminoaciduria” induced in 
the normal subject, and that the 
“renal threshold” denotes qualitatively 
quite different processes in each of the 
two states. Since the “lowered renal 


threshold” for amino acids in hepato- 
lenticular degeneration appears to be 
the manifestation of the competition of 
two classes of substances for resorption 
at the tubular level, overloading of the 
glomerular filtrate with amino acids 
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can result only in upse tting the estab- 
lished equilibrium in the competitive 
reabsorptive process by increasing the 
concentration gradient of amino acids 
presented to the tubular absorptive 
mechanism. Change in the composition 
of the tubular fluid in terms of one of 
the competing constituents can be ex- 
pected to give rise to a change in the 
absorption of the other. These consid- 
erations serve to underscore the neces- 
sity for simultaneous studies on tissue, 
plasma, and urine in hepatolenticular 
degeneration for clarification of the 
nature of the aminoaciduria and 
cupruria on one hand and the reported 
increased tissue deposition of copper 
on the other. A clearer understanding 
of these factors would remove the 
main obstacle to the formulation of 
the true nature of this interesting dis- 
ease. The studies reported from dif- 
ferent parts of the world in recent 
years have presented so far a detailed 


scrutiny of individual facets of the 
entity, without offering a clear picture 
ot the whole. 

Summary. A case of hepatolenticular 
degeneration manifesting persistent 
massive aminoaciduria accompanied by 
increased urinary copper excretion was 
studied with respect to the relationship 
of the aminoaciduria to the cupruria. 
The urinary copper was isolated in 
the form of a complex with oligopep- 
tides of a specific nature previously 
described. The daily output of copper 
bore no relationship to the aminoacid- 
uria itself. It is suggested that the 
oligopeptides-copper chelate represents 
the form in waich copper passes from 
plasma into the glomerular filtrate, and 
that the urinary excretion of the metal 
is a result of the competition, for 
tubular resorption, between the oligo- 
peptide complex and the amino acids 
present in high concentration in the 
tubular fluid. 
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ALTERED renal hemodynamics associ- 
ated with changes in blood pressure 
have been an interesting problem to 
the physiologist as well as the clinician. 
Renal ischemia resulting from severe 
hypotension has supposedly led to the 
patients demise as a direct result of 
renal excretory failure despite the 
fact that the original cause of the hypo- 
tension was eve ntually corrected. Renal 
vasoconstriction under these circum- 
stances may be due to sympathetic ner- 
vous system activity (direct effect) and 
the release of vasopressor substances 
such as norepinephrine and epi- 
nephrine (indirect effect ). The first and 
foremost purpose of the present report 
was to study mechanisms by which 
norepinephrine or epinephrine produc- 
ed acute alterations in renal function 
and to evaluate differences in response 
between the human kidney and _ the 
canine kidney pre viously studied in a 
similar fashion in this laboratory. This 
seemed indicated since differences of 
opinion throughout the literature on 
the hemodynamic response to norepi- 
nephrine and other vasopressor agents 
may actually be a species difference. 
Certainly, differences in renal hemo- 
dynamic response to 


seems well documented. Therefore, 
this agent was also evaluated in the 
current study for comparative pur- 
poses. Trueta’® has presented evidence 
in animals which suggests that epineph- 
rine constricted the more distal portions 
of the renal arteries so that cortical 
glomeruli and their associated tubules 
were functionally removed from the cir- 
culation. At the same time juxta- 
medullary glomeruli and their asso- 
ciated v:z ascular channels were said to 
have become more active so that in 
effect there was a renal arterio-venous 
shunt, although it was not a direct one 
in the usual sense of the term. Previous 
studies in dogs® in this laboratory using 
similar experimental techniques to 
those in the present study have shown 
a reduction in the number of active 
nephrons following administration of 
both norepinephrine and epinephrine, 
but have not shown evidence of a renal 
vascular shunt. as measured by the 
renal. arterio-venous oxygen difference. 
Contrariwise, after the administration 
of epinephrine to human subjects 
Smith® was unable to demonstrate a 
decrease in the number of active 
nephrons, since the amount of func- 
tioning tubular tissue as measured by 
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the maximum tubular transport of 
glucose (TmG) and diodrast (TmD), 
remained constant. It was of interest 
to note that in the current study there 
was a similar difference in response 
between the human and canine kidney 
following administration of norepineph- 
rine, which is a much more potent vaso- 
constricting agent. - 

In the treatment of severe hypoten- 
sive states which occur despite normal 
blood volume, norepinephrine has fre- 
quently proven to be of great value in 
raising the blood pressure and thus 
shortening the duration of the hypoten- 
sion’. Increasing the blood pressure in 
this manner is frequently associated 
with improved renal function as esti- 
mated by urinary output, a seeming 
paradox from the vasoconstrictive effect 
of norepinephrine. Therefore, as a 
second part of the study it seemed de- 
sirable to observe the response of ad- 
ministering norepinephrine to patients 
in the hypotensive state. Consequently, 
it was given to normal control subjects 
and hypertensive patients, in whom the 
blood pressure had previously been 
lowered with hexamethonium. The 
purpose of this procedure was to de- 
termine if there was any difference in 
renal hemodynamic effect between rais- 
ing the blood pressure from a reduced 
level to one approximately normal for 
the patient and raising the blood pres- 
sure above the patients usual level to 
hypertensive ranges as was done in the 
normotensive group (Patients Nor 1 
to Nor 24) not given hexamethonium. 


Methods. Twenty-eight patients received 
norepinephrine or epinephrine alone. All had 
blood pressures within the normotensive 
range, (MBP<110 mm. Hg) except for 4 
patients who had borderline hypertension at 
the time of the study (Nor 17, 19, 23 and 
Epi 6). One patient had severe renal impair- 
ment as the result of chronic pyelonephritis, 
and was studied on 3 separate occasions ( Nor 
22, 23, 24). After the blood pressure had 
been lowered by the administration of hexa- 
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methonium, norepinephrine was given to an 
additional 8 patients with hypertension and 
varying degrees of renal disease, and to 7 
normotensive patients (Nor 25 to 39, Tuble 
4). Three patients in this group were on 
oral hexamethonium therapy, and 12 re- 
ceived the drug intravenously (continuous 
infusion) on the day of the study. After the 
norepinephrine infusion was started hexa- 
methonium was given at the same rate as 
during the previous hypotensive = in 
order to maintain an equivalent degree of 
ganglionic blockade. 

Renal clearances were performed by stand- 
ard techniques? and the methods have been 
previously described®. Endogenous creatinine 
was used for estimating creatinine clearance. 
The clearances were not corrected to stand- 
ard surface area in the present study. With 
only minor changes the techniques used were 
the same as those employed in the previous 
study in dogs5. Mean blood pressure was 
arbitrarily taken to be one-third of the pulse 
pressure plus the diastolic pressure, with the 
exception of those studies in which it was 
measured directly by means of an_ intra- 
arterial needle connected to a mercury ma- 
nometer. After 2 to 4 10-minute 
control periods, an infusion containing 4 mg. 
of l-norepinephrine® or epinephrine® per 
liter was started. An attempt was made to 
adjust the infusion rate so that the systolic 
blood pressure was increased 30 to 50% 
above the control values. When the blood 
pressure had again stabilized at a level con- 
sidered safe for the patient, renal clearances 
were again measured for 2 to 4 consecutive 
10-minute periods. In the patients who re- 
ceived hexamethonium, norepinephrine was 
begun only after the hypotensive response 
had been well stabilized. 


successive 


Results. The effects of norepineph- 
rine on mean blood pressure and renal 
hemodynamics (normotensive sub- 
jects) are presented in Tables 1A and 
1B. Infusion of the drug in an average 
dose of 0.321 micrograms/kg./min. 
increased the average mean blood pres- 
sure to 136% of the control value. As 
a result of a marked increase in renal 
vascular resistance, renal plasma flow 
(RPF) was depressed to 60% of the 
control value, however, glomerular fil- 
tration rate (GFR) was usually main- 
tained near the control level. 


* Supplied through the courtesy of Mr. Kenneth M. Smoot, Winthrop Stearns, Inc. 
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The effect of norepinephrine on GFR 
and maximum tubular transport of p- 
aminohippurate (TmPAH) was de- 
termined in 15 patients (Table 2). 
These patients received a larger amount 
of the drug (0.438 micrograms/kg./ 
min.), but had a comparable rise in 
mean blood pressure. Although the 
average value for GFR after norepi- 
nephrine was only slightly lower than 
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but one of the patients had an elevation 
of the systolic pressure greater than 
30%. The failure of the calculated mean 
blood pressure to increase in a parallel 
degree to the systolic pressure was due 
to the fact that the diastolic pressure 
was usually unchanged or even de- 
creased (Fig. 1). In this group there 
was no change in either GFR or 
TmPAH, but urine flow was increased 


EFFECT OF NOREPINEPHRINE AND EPINEPHRINE ON BLOOD PRESSURE 
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Fig. 1.—Typical blood pressure response to intravenous infusion of norepinephrine and epineph- 
rine. Data from same patient on different occasions. Note failure of diastolic blood pressure 
to increase after epinephrine in contrast to the sharp increase after norepinephrine. 


the control value, in 5 of the patients 
there was a significant decrease in 
GFR (15% or more). With the excep- 
tion of 3 patients (Nor 10, 11, and 17), 
there was no significant reduction in 
TmPAH, and in these 3 patients there 
was no change in glomerular filtration 
rate. 

Six patients received epinephrine 
intravenously in an average dose of 
0.243 micrograms/kg./min. (Table 3). 
Although there was only a 15% increase 
in the average mean blood pressure, all 


on the average of 152% of the control 
value. 

In order to determine if the above 
observations on renal hemodynamic 
effects of norepinephrine were similar 
in patients who had previously been 
made hypotensive, 8 hypertensive and 
7 normotensive subjects were given 
hexamethonium chloride or bromide. 
This produced an average decrease in 
mean blood pressure of 31% (range 
14% to 52%) (Table 4), and in 2 pa- 
tients there were definite symptoms of 
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cerebral ischemia. After the blood pres- 
sure had stabilized, and renal clear- 
ances had been measured, an infusion 
of norepinephrine was begun, the rate 
being gradually increased until the 
blood pressure approached control 
levels. In most of the patients the 
necessary dosage was much less than 
that required to produce a similar rise 
in normal subjects. No studies were 
made, however, to determine if this 
was a result of sensitization by hexa- 
methonium or if rather it was asso- 
ciated with the pre-existing hyperten- 
sive state. Goldenberg et al. have pre- 
viously observed that hypertensive pa- 
tents were much more. sensitive to 
norepinephrine than normotensive indi- 
viduals*. The pattern of renal response 
was variable, but usually GFR was in- 
creased to or toward control levels if 
it had been significantly depressed dur- 
ing the hexamethonium periods, or un- 
changed, if it had remained near con- 
trol levels during administration of 
hexamethonium. In 2 patients (Nor 
29 and 38) there was a decrease in 
GFR during hexamethonium adminis- 
tration with a further decrease dur- 
ing the administration of norepineph- 
rine. Renal plasma flow was usually re- 
duced somewhat and renal vascular 
resistance was increased, similar to the 
normal control subjects. As in the other 
groups TmPAH was not consistently 
altered by either drug. 

Discussion. The response in these 
subjects indicated that norepinephrine 
produced significant renal vasoconstric- 
tion. Although specific segmental re- 
sistances were not measured, the -fail- 
ure of glomerular filtration rate to 
increase with rising systemic blood 
pressure is evidence of afferent arter- 
iolar constriction, and likewise the con- 
sistent elevation of the filtration frac- 
tion in this circumstance is indicative of 
efferent arteriolar constriction. This 
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type of response, characterized by 
maintained or slightly reduced GFR 
and a marked depression in RPF has 
been observed after the administration 
of epinephrine'*, Paredrinol’, ephed- 
rine’, and phenylephrine? to human 
subjects. In contrast, however, admin- 
istration of norepinephrine or epineph- 
rine to dogs® has produced a very mark- 
ed reduction in both GFR and RPF. 
The latter studies were done in essen- 
tially the same way as the current ones 
on humans. 

The lack of effect of norepinephrine 
and epinephrine on functioning tubular 
mass (TmPAH) in this study is in 
agreement with the results of Smith® 
who found no change in TmG®* or 
TmD® after the administration of epi- 
nephrine to human subjects. It is in 
contrast to the results obtained with a 
continuous infusion of norepinephrine 
and epinephrine to dogs® in which 
after a slight initial depression of GFR 
and the GFR/TmG ratio, there was a 
proportional and progressive decrease 
in both GFR and TmG, with a main- 
tained GFR/TmG ratio. Whereas the 
results in human studies indicate a 
reduction in blood flow through each 
individual nephron without altering 
the number of active nephrons (reduc- 
tion in blood flow, without a change in 
tubular mass: Fig. 2B) the dog studies 
indicate a reduction in the number 
of active nephrons as reflected in the 
reduction in functioning tubular mass 
(Fig. 2A). The possibility exists that 
similar changes might have occurred 
in the human subjects with larger doses 
of the drugs. However, the fact that 
they did not occur in any of the sub- 
jects, although some had comparable 
rises in blood pressure (to the dog 
studies) militates strongly against this 
possibility, and would indicate that 
there is a fundamental difference be- 


® P-aminohippurate used in the current study to measure maximum tubular function 


rather than glucose or diodrast. 
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tween the responsiveness of the human 
and the canine kidney.® 

There was no evidence in the present 
study to suggest that the reduction in 
renal plasma flow was the result of a 
renal vascular shunt of the nature sug- 
gested by Trueta! since if any signifi- 
cant number of renal tubules had been 
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there is no reason to suspect that renal 
plasma flow was not reduced in those 
in whom TmPAH was measured, as 
judged by the consistent and marked 
reduction in plasma flow in those in 
whom it was determined. 

The marked reduction in RPF and 
the occasional reduction in GFR ob- 


GRAPH PLOTTING GFR AGAINST Tm6 AFTER EPINEPHRINE AND 
NOREPINEPHRINE - EXPRESSEO IN PERCENT OF CONTROL VALUE 
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ig. 2A.—Observations on dogs during continuous infusion of norepinephrine and epinephrine. 
\laximum tubular function (TmG) expressed as percent of control is plotted against glomerular 
‘iltration rate (GFR) during the continuous infusion of norepinephrine and epinephrine in dogs. 
(he rate of infusion was increased every 20 minutes in an incremental fashion so that 2 
ollection periods were obtained between each change in the rate of infusion. The symbols 
re as follows: a. O = epinephrine, and @ = norepinephrine during successive periods show- 
ig the best agreement. b. X = both epinephrine and norepinephrine during periods of infu- 
ion in which successive periods did not show a similar degree of stability as in (a). There 

a progressive reduction in both GFR and TmG as the rate of infusion is increased and the 

blood pressure progressively elevated. (Courtesy of Circulation). 


»y-passed, there would have been a 
proportional reduction in TmPAH. Al- 
though one might object to the validity 
of this argument on the basis that 
PF and TmPAH were not measured 

multaneously in any of the patients, 


served in normotensive subjects after 
norepinephrine, might at first appear 
to contraindicate the use of this drug 
in the treatment of patients with severe 
hypotension who have depressed renal 
function on the basis of inadequate fil- 


° The fact that p-aminohippurate was used to measure maximum tubular function in the 


irrent study rather than glucose as was used in the animal work may account for minor 
cifferences, 
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Fig. 2B.—Observations on human subjects during the continuous infusion of norepinephrine 

and epinephrine. Maximum tubular function (TmPAH) (expressed as percent of control) is 

plotted against glomerular filtration rate expressed in the same manner. (Tables 2 and 3). 
Although there appears to be some instability, this appears to be a random response. 


200 
{ 180 
x= 
E160 
& ~ 
40 8 
& 
as) 
= 
~ Ww 
100 
= 80 
60 © 


Fig. 3.—Patient (Nor 25) in whom the glomerular filtration rate was depressed following a 
marked reduction in blood pressure with hexamethonium. Whenever the blood pressure was 
elevated by the administration of norepinephrine the filtration rate increased. (Courtesy of the 
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tration pressure. However, clinical ob- 
servations in such patients’, and the 
results obtained in patients with hypo- 
tension due ‘to ganglionic blockade 
(albeit not the same as surgical or 
other types of shock) indicate that the 
net effect may be quite different in 
the presence of hypotension (Table 
4). When the glomerular filtration 
rate was markedly reduced by hypo- 
tension due to hexamethonium, blood 
pressure elevation with norepine phrine 
actually resulted an increased rate 
of filtration. Also, in anuric or oliguric 
patients in whom blood pressure has 
been restored to normotensive levels 
with norepinephrine‘, it has not been 
uncommon to observe a return of urine 
flow toward normal. The very fact that 
an anuric patient begins to have a sig- 
nificant urine output is evidence of an 
improvement in renal function. These 
observations suggest that in patients 
in whom there is severe hypotension, 
following elevation of the systemic 
blood pressure, the net result may be 
an improvement in renal function. 
Conclusions. Administration of 
norepinephrine to normotensive human 
subjects produced a depression of renal 
plasma flow, but had little effect on 
glomerular filtration rate in the major- 
ity of patients. Renal vascular resistance 
ind the filtration fraction were signifi- 
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cantly elevated. There was no sig- 
nificant change in maximum tubular 
transport of p-aminohippurate after 
either norepinephrine or epinephrine. 

2. These changes were thought to 
be a result of an increase in both af- 
ferent and efferent arteriolar resistance, 
so that there was reduced blood flow 
through each individual nephron. 
There was no evidence to suggest either 
a decrease in the number of active 
nephrons as had been previously ob- 
served in dogs or a renal vascular shunt 
by-passing cortical nephrons as de- 
scribed by Trueta. These results indi- 
vate that there is probably a funda- 
mental difference in responsiveness 


between the dog and the human 
kidney. 
3. The response of patients to 


norepinephrine during the hypotensive 
state produced by ganglionic blockade 
was variable. Generally in the patients 
who had marked depression of renal 
function, there was a return of glomer- 
ular filtration rate toward control 
values. This suggests that in the treat- 
ment of severe hypotensive states seen 
clinically, elevation of blood pressure 
to normotensive levels, may over- 
balance the renal vasoconstrictor effect 
of norepinephrine, to a degree that 
renal function will be improved. 
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Use of newly developed laboratory 
tests*? has resulted in detection of 
many cases of hemolytic anemia which 
until recently would have been im- 
properly or inadequ: itely classified. Ac- 
celerated destruction or shortened life 
span of red blood cells is now recog- 
nized as a much more common cause 
of anemia than was formerly appre- 
ciated! #,16,34,39,42,59° 

The purpose of this paper is to 
characterize and differentiate a specific 
type of congenital hemolytic anemia 

(hereditary spherocytosis ) ) and a spe- 
na type of acquired hemolytic anemia 
(autoimmune hemolytic disease). The 
observations summarized are based on 
experience with 47 cases of the former 
and 24 cases of the latter type of 
hemolytic disease encountered in this 
clinic since 1944. These disorders are 
representative of the two principal 
categories of hemolytic disease, one 
supposedly due to an intrinsic abnor- 
mality of the red cell, the other to the 
action of abnormal globulins and _per- 
haps other extrinsic factors. It will be 


New York.) 


emphasized that, although there are 
striking differences between these two 
disorders with respect to both clinical 
and laboratory findings, differential 
diagnosis may be difficult at times in 
any given case. Moreover, atypical 
forms of hemolytic disease, either con- 
genital or acquired, may be encounter- 
ed which do not fulfill the criteria for 


diagnosis of either of the two specific ° 


conditions to be discussed or of other 
well defined hemolytic disorders. 

Red blood cells may have shortened 
life span because of either intracor- 
puscular abnormalities or the action of 
extracorpuscular factors. Intracorpus- 
cular abnormalities encountered 
in hereditary spherocytosis (congen- 
ital hemolytic ane mia)®, sickle cell 
Mediterranean anemia*', 


are 


nocturnal hemoglobinuria®*, and _ in 
several unnamed chronic hemolytic 
disorders, both hereditary and non- 


hereditary***. The defective red cells 
from these patients are rapidly de 
stroyed when transfused into normal 
recipients, while normal red cells usu 


*The observations summarized in this paper were aided by a contract between the Universit 
of Rochester and the Office of Naval Research, De -partment of the Navy (NR 102-174) an 


were supported in part by the 
( 664 ) 


David Smalline Memorial Fund. 
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CONGENITAL AND 
ally (but not always) survive normally 
after transfusion into such patients. On 
the other hand, normal red corpuscles 
may be rapidly eliminated after trans- 
fusion into patients whose own red 
cells are being destroyed by the action 
of extrinsic factors such as antibodies?*: 
$2,43,55 

Hereditary Spherocytosis. The dis- 
order known as congenital hemolytic 
anemia is more appropriately called 
hereditary spherocytosis (HS) since it 
is inherited as a Mendelian dominant 
and is characterized by the presence 
of spherocytes. The abnormal thickness 
of the spherocyte may actually be a 
manifestation of a metabolic abnormal- 
ity of the cell, but no specific anomaly 
of cellular metabolism has been dem- 
onstrated to date. 

FRAGILITY OF ERYTHROCYTES. The ab- 
normal osmotic fragility (O.F.) and 
mechanical fragility (M.F.) of the red 
cells in hereditary spherocytosis are 
well known’. Representative O.F. 
curves shown in Fig. 1 in which 
per cent hemolysis is plotted against 
concentration of sodium chloride. If 
the blood being tested contains many 
circulating sphe rocytes, a large portion 
of the O.F. curve is shifted to the left 
of the normal range in such a graph. A 
small portion of the curve, often called 

“tail”, is shifted to the left in less 
active cases having fewer spheroidal 
cells in the circulation. In 13 of our 47 
s the O.F. curve for freshly drawn 
red cells was in or near the normal 
range. An abnormally great snift to 
the left (Fig. 2) was observed in these 
however, when the cells were 
sted after sterile incubation at body 
mperature for 24 hours. The O.F. 
st with incubated red cells thus 
ings to light an otherwise question- 
ole or inapparent abnormality of the 
d corpuscles in some rases??.53. 
Mechanical fragility of the red cells 
determined according to the method 
Shen, Castle and Fleming*’ by 


are 


Cases 


Cases, 
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measuring the amount of hemolysis in 
a small sample of blood placed in a 
rotating Erlenmeyer flask containing 
glass beads. Mechanical fragility of the 
red cells from patients with hereditary 
spherocytosis is nearly always greater 
than normal and may reflect increased 
susceptibility to destruction of such 
cells by the wear and tear of circula- 
tion®*. Increase in M.F. after incuba- 
tion of the spheroidal cells is usually, 
but not always, marked. 

LYSIS OF INCUBATED RED CELLS. When 
sterile defibrinated blood from patients 
with HS is placed in an incubator at 
body temperature for 48 hours the red 
cells undergo lysis to a much greater 
extent than in normal blood similarly 
Although the mechan- 
isms by which he moglobin is released 
from red cells during such incubation 
are not entirely clear, it can be stated 
that lysis is not due to complement 
activity or to swelling of the cells. 


‘During the second 24-hour period of 


incubation the cells actually shrink to 
approximately their original volume. 
Abnormal results have been obtained 
much more consistently in HS than in 
other hemolytic disorders encountered 
in our clinic but the lack of specificity 
of this simple test should be empha- 
sized. 

ROLE OF THE SPLEEN AND MODIFYING 
Factors. Studies employing both 
transfusion and perfusion have revealed 
that the abnormally thick red cells 
from patients with HS are selectively 
trapped in the spleen'*°, possibly be- 
cause of their inability to escape 
through slit-like openings from the 
pulp to the venous sinusoids**®. While 
stagnating within the spleen, the spher- 
oidal cells may undergo changes like 
those observed in blood incubated in 
vifro*®, Many of the red cells probably 
disintegrate within the pulp and some 
may be destroyed by phagocytosis. 
Others manage to escape, but after 
long confinement they may be suscep- 
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HEREDITARY SPHEROCYTOSIS 
100 REPRESENTATIVE 
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Fig. 1.—Representative O.F. curves obtained with fresh blood from patients with hereditary 
spherocytosis. The curve to the left reveals increased fragility of a large portion of the patient's 
red cells; the middle curve is “tailed”, indicating increased fragility of a small portion of the 
red cell population. The curve to the right is in the upper normal range (mean + 2¢ shown in 
shaded area). 
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Fig. 2.—O.F. curves obtained with freshly drawn and incubated blood from 8 selected patient 
with hereditary spherocytosis. All of the curves for fresh blood are in or near the norma 
range, while all of the curves for incubated blood are clearly outside the normal rang: 
(mean + 2 ¢ shown in shaded area). 
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tible to destruction by wear and tear 
of active circulation. 

The extent to which spherocytes 
are destroyed by phagocytosis in 
the spleen is difficult to quantitate’. 
It should also be emphasized that the 
mechanisms by which crisis occurs in 
HS are not clear'. Further studies are 
especially needed to explain the sud- 
den occurrence of aplasia** or arrested 
maturation'! of erythroid cells in the 
marrow in some patients during crises. 
The shortened survival time of trans- 
fused normal red cells demonstrated in 
a few instances also requires additional 
investigation''*". “Warm  autoanti- 
bodies” in the serum or attached to 
the red cells have been reported 
a small number of cases, but are usu- 
ally lacking®'!**5!, Tests for such anti- 
bodies have besth positive in only one 
of 47 cases investigated in the Strong 
Memorial Hospital. The affected rela- 
tives of our single exceptional case had 
hematologic findings typical of heredi- 
tary spherocytosis, but antiglobulin 
tests with their red cells were negative. 

Among persons afflicted with HS the 
severity of the hemolytic process varies 
widely, perhaps due to differences in 
gene penetrance or other modifying 
factors®*. Some persons are so mildly 
affected that the presence of abnormal 
red cells is overlooked unless tests 
are carried out with incubated red 
cells. Among relatives of severely 
anemic patients we have encountered 
cases lacking splenomegaly, anemia, 
joundice, reticulocytosis, and showing 

very little sphe rocvtosis or increase in 
O.F. in fresh blood samples. Diagnosis 
in such cases has been based on (a) 
lightly increased M.F. of fresh blood, 

b) increased O.F. of incubated blood 

nd (c) marked lysis of blood placed 
n an incubator for 48 hours. 

Anemia and jaundice are completely 

nd permane ntly relieved after splen- 

ctomy in pri actically all cases regard- 
ss of the rapidity of red cell destruc- 
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tion prior to ope ration. This was true 
in each of the 35 splenectomized pa- 
tients in our series. Spherocytosis per- 
sists indefinitely but is usually less 
marked and is not associated with ex- 
cessive hemolysis once the splenic trap 
is removed. Abnorm: lity of the red 
corpuscles after splenectomy is best 
demonstrated by measuring the O.F. 
of incubated blood si umples. The mean 
O.F. of incubated red cells in our ex- 
perience, is actually greater after splen- 
ectomy than before (Fig. 3)** 

Other laboratory and clinical features 
of this disorder can best be cited 
making comparisons with the findings 
and course of the acquired hemolytic 
state. 

Autoimmune Hemolytic Disease. 
DEFINITION. Since the meaning of the 
term acquired hemolytic anemia varies 
from one author to another, use of a 
more accurately descriptive term is 
advisable. The type of acquire dis- 
order under consideration in this paper 
might better be called autoimmune 
hemolytic disease (AHD) because it 
is characterized by the presence of cir- 
culating globulins capable of reacting 
with the patient's own red cells®®. Al- 
though cases in which the autoanti- 
bodies are active only at low tempera- 
tures are included in this category by 
some authors, we shall confine our at- 
tention in this paper to cases in which 
the autoantibodies showed maximal ac- 
tivity at body temperature. Whether 
or not these globulins are really anti- 
bodies is debatable, and if they are 
antibodies, the nature of the antigenic 
stimulus provoking their formation is 
not clear. It has nevertheless been cus- 
tomary to refer to them as autoanti- 
bodies since they react with the pa- 
tient’s own red cells and this custom 
will be followed in this paper for the 
sake of simplicity. As in the heredi- 
tary malady just described, the words 
“anemia” and “jaundice” are best de- 
leted from the name of the disorder 
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668 YOUNG, 
since either anemia or jaundice or both’ 
may be lacking at times in a large 
share of the patients studied. 

The abnormal globulins may develop 
inde pe dently or may be found in 
associ: ition with disorders of collagen: i 
ous!” or reticuloendothelial 
Since hemolytic anemia 


tissues® 
associated 
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cause of periodic hemolytic anemia. 
The occurrence of autoantibodies in 


patients who have, or ultimately de- 
velop, such tumors has provoked con- 
siderable speculation. 

DEMONSTRATION OF AUTOANTIBODIES 
AND OTHER ABNORMAL SERUM GLOBULINS. 
Demonstration of autoantibodies in the 
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Fig. 3. 


—~Plot of mean concentrations of sodium chloride 


causing 2, 5, 10, 25, 50 and 75% 


hemolysis of freshly drawn and incubated red cells from 26 normal donors; 17 patients with 


HS pre-splenectomy; 
of maximal O.F. 
in O.F. after incubation of the 
blood and that in HS the increase in O.F 
than before. Mean figures for the 


that 6 of the 12 AHD cases tested at the 


2 patients with HS post-splenectomy; 
and 12 patients with AHD at time of minimal O.F. 
red cells is much greater in HS than in 


13 patients with AHD at time 
Note that the 
AHD or 


increase 
in normal 


. with incubation js even greater after splenectomy 
AHD group were computed and plotted without respect 
to the presence or absence of the spleen at the time of the O.F. 
time 
presumably accounted for the less than normal increase in O.F 


determinations. The fact 
had been splenectomized 
. of the incubated red cells 


of minimal O.F. 


in this group. 


with demonstrable autoantibodies may 
be the first manifestation of some of 
these disorders, search for an under- 
lying disease’ such as periarteritis or 
lvmphoma should be unrelenting. For 
example, one of the patients in our 
clinic was recently found to have 
reticulum cell sarcoma after having 
been followed closely for 8 years be- 


patients serum or attached to the 
erythrocytes is possible by employ ing 
methods developed largely since 1945. 
It should be emphasize d however, that 
either false-positive or false-negative 
results may be obtained if the impor- 
tance of certain technical details is not 
fully appreciated. 
The antiglobulin 


test (Moreschi*® 
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and Coombs, Mourant, and Race*) is 
the most sensitive method known for 
detection of certain erythrocyte-bound 
globulins. The patie nt’s red cells coated 
with globulin (presumably antibody 
globulin) are agglutinated by antiglob- 
ulin serum prepared from rabbits 
immunized with human gamma glob- 
ulin. The prozone phenomenon may 
be observed at times*? and there are 
variations in reactivity of different lots 
of rabbit serum**. Critical testing 
therefore requires the use of several 
different antiglobulin sera, each of 
which has been optimally diluted**, 

Globulin attached to the patient's 
red cells can also be demonstrated by 
elution from the cells or from the 
erythrocyte stroma followed by appro- 
priate tests of the eluate with normal 
Such eluates have 
been prepared from the red cells 
stroma in 17 of 19 cases in our group in 
which it was attempted one or more 
times. In our experience detectable 
amounts of such globulin could not 
always be eluted from red cells agglu- 
tinable by antiglobulin serum and 
could never be eluted from red cells 
giving negative antiglobulin reactions. 
The eluted globulin was demonstrable 
by sensitization of normal red cells 
for the antiglobulin tests or by agglu- 
tination of trypsin-treated normal red 
cells. 

Oxalated blood from patients with 
\HD frequently has a granular ap- 
pearance when examined grossly or 
with a hand lens as the blood is made 
to flow in a thin layer by tilting the 
bottle. Autoagglutination in such eases 
is attributable to coating of the red 
ells with antibody globulin but the 
lack of specificity of this crude test 
should be emphasized. Equally marked 
macroscopic aggregation of red cells is 
‘ometimes produced by  rouleaux- 
‘orming substances in diseases such as 
nultiple myeloma, periarteritis nodosa 
and acute rheumatic fever. 


Antibodies in the patients’ sera are 
frequently capable of agglutinating 
trypsin-treated normal human red 
Lysis of trypsin-treated 
erythrocytes in the presence of human 
compleme nt is produced by sera of 
some patients but this has been the 
exception rather than the rule in our 
experience. When the pH of the pa- 
tient’s serum is reduced in vitro to 
about 6.8, the serum will sometimes 
directly agglutinate normal red_ cells 
and will more frequently sensitize nor- 
mal red cells for the antiglobulin reac- 
During episodes of 
hemolysis the titer of autoantibody in 
the serum frequently increases and 
may remain increased for some time 
after deceleration of red cell destruc- 
tion. 

Cold agglutinins, cold hemolysins, 
sheep cell agglutinins and serum com- 
ponents capable of giving false-positive 
serological tests for syphilis may be 
encountered in addition to the “warm” 
autoantibodies with which we are con- 
cerned in this paper'®:**. Isoantibodies, 
such as anti-Rh, may develop readily 
after multiple transfusions and may 
complicate cross-matching and _trans- 
fusion therapy in these individuals. 
An abnormality in production of 
plasma globulins is thus an outstanding 
feature of this disorder. In some cases 
cold precipitable serum protein may 
also be produced but these so-called 
“cryoglobulins” have not been impli- 
cated in destruction of red cells*?°. 

Complement may be markedly defi- 
cient at times in the serum of patients 
with AHD, presumably because it is 
fixed to the red cells with antibody 
globulin, but the possibility of im- 
paired formation of complement has 
not been excluded. Serum complement 
has been measured on one or more 
occasions in 17 of our cases. In 2 of the 
patients complement activity was 
nearly absent during even relatively 
quiescent phases of the disease and in 
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a third patient there was _ significant 
decrease in complement activity during 
the initial hemolytic episode. 

VARIATIONS IN HEMATOLOGIC FIND- 
incs. During episodes of hemolysis 
spherocytes usually appear and O.F. 
and M.F. may be increased but are 
less regularly increased than in heredi- 
tary spherocytosis Increases in 
O.F. and M.F. with incubation of the 
red cells are much less marked than 
in the hereditary disorder and during 
quiescent periods O.F. and M.F. of 
both freshly drawn and incubated red 
cells are normal (Fig. 3). 

Hemoglobinemia and  methemal- 
buminemia may be demonstrable dur- 
ing crises in the autoimmune disease 
and presumably are the result of intra- 
vascular hemolysis®:**. These findings 
are especially prominent after trans- 
fusion since the relatively mature do- 
nated red cells may be more suscep- 
tible to the action of the antibody 
than are the patient’s own relatively 
immature 

VARIABLE COURSE AND RESPONSE TO 
SPLENECTOMY AND HORMONE THERAPY. 
In 8 of the adult cases of AHD observ- 
ed in our clinic, hemolytic episodes 
have recurred at irregular intervals, 
sometimes weeks apart, sometimes 
years apart®*. The red cells have been 
consiste tly agglutinable by antiglobu- 
lin serum over periods of years in the 
majority of the chronic cases, even dur- 
ing periods when the rate of red cell 
turnover appeared to be normal or 
nearly normal®*.57, 

The importance of the spleen as a 
source of antibody and/or as a site of 
red cell destruction may vary widely 
from patient to patient, thus explain- 
ing the unpredictable variation in re- 
sponse to 
Splenectomy has been performed in 
11 of our 24 cases of AHD since 1944. 
There has thus far been no recurrence 
of hemolytic anemia in 6 of the pa- 
tients, 3 of whom have been observed 
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for only one year, for 3 years, one 
for 4 years, and one for 9 years since 


operation. In 4 of the 11 patients, how- 


one 


ever, hemolysis recurred one or more 
times after operation, the intervals 
ranging from a few weeks to 2 years. 


One patient died during hemolytic 
crisis 36 hours after an emergency 
splenectomy was performed under un- 
favorable conditions. 

Deceleration of red cell destruction 
in many patients with AHD has fol- 
lowed administration of ACTH and 
cortisone in numerous clinics since 
Although the antiglobu- 
lin tests of the patients’ red cells have 
negative and the 
titers of the serum autoantibody have 
frequently diminished after hormone 
therapy, the exact mechanisms by 
which ACTH and cortisone act in AHD 
are not clear. Evaluation of any form 
of treatment of AHD is difficult be- 
cause of the naturally occurring fluctu- 
ations in hemolytic activity and_be- 
cause many of the patients ultimately 
succumb to an unde rlying disease such 
as leukemia. 

Eighteen of our patients with AHD 
have been treated with ACTH or corti- 
sone since March 1950. Remission of 
the hemolytic process followed admin- 
istration of ACTH cortisone in 13 
cases, in 9 of which remissions were 
well sustained without maintenance 
therapy. In 5 of the 18 cases in which 
hormone treatment was given, the re- 
sults were rather unsatisfactory or dif- 
ficult to evaluate because of complica- 
tions. Our experience as a whole sup- 
ports the current practice of giving 
ACTH or cortisone in most active 
cases, either symptomatic or idiopathic. 

Comparison of Hereditary Sphero- 


sometimes become 


or 


cytosis and Autoimmune Hemolytic 
Disease. The principal features of 
hereditary spherocytosis (HS) and 


autoimmune hemolytic disease (AHD ) 
are summarized in Table 1. The gen- 
eral features listed require no further 


/ 
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TABLE 1. 


PRINCIPAL FEATURES OF HEREDITARY SPHEROCYTOsIS (HS) AND 


AUTOIMMUNE HEMOLYTIC DISEASE (AHD) 


General 
Inheritance 
Sex incidence 
Associated disorder 


Splenomegaly 

Skeletal abnormalities 
Leg ulcers 
Thrombophlebitis 
Cholelithiasis 

Response to splenectomy 


Response to AC'TH or cortisone 


Hematologic Findings 
(Anemia 
Spher wy tosis 


Osmotic fragility 


Mechanical fragility 
Lysis of incubated red cells 


Rate of destruction of normal 
transfused red cells in patient 
Trapping of red cells in spleen 
Hemoglobinemia and methemal- 
buminemia 

Nucleated red cells in circulation 


Thrombocytopenia and 
leukopenia 


Serologic Findings 
Antiglobulin test with patient's 
red cells 
\ntibody elutable from patient's 
red cell stroma 
\utoagglutination 


Warm” autoantibody in 
itient’s serum 


Other abnormal antibodies 
iuto-, iso-, and hetero-) in pa- 
ent’s serum 

Cold precipitable protein in 
rum 


(omplement in patient’s serum 
iagocytosis of red cells by 
onocytes and mature granulo- 
tes in incubated venous blood 


Mendelian dominant® 
Equal 

Usually none 


Usually moderate 

Rare 

Occasionally seen 

Uncommon 

Common 

Complete and permanent relief 
of anemia and jaundice 

No reports 


Variable; may be lacking 

? Regularly present; slight in 
some Cases 

Usually increased with fresh 
cells; regularly increased with 
incubated cells even during qui- 
escence and after splenectomy 
Regularly increased 

Marked at 48 hours in all cases 
before and after splenectomy 


Usually, but not always, normal 


Selective for patient's cells 
? None 


In active cases before splenec- 
tomy. None after splenectomy 


Occasionally present; usually 
mild 

Usually negative 

No reports 

Usually absent 


Usually absent 


Rare 


None 


Normal 
None observed®? 


AH 
None demonstrable 
More common in females 
Frequent complication of dis- 
orders of collagenous and_re- 
ticuloendothelial tissues 
Usually moderate 
None 
Rare 
Common®?*> 
Common 
Irregular; frequent recurrence of 
hemolysis 
Frequently good, unless patient 
succumbs to associated disease 


Variable; may be lacking 

Often marked during crisis; ab- 
sent during quiescence 
Irregularly increased with both 
fresh and incubated cells during 
crises; normal during quiescence 


Usually increased during crises; 
normal during quiescence 
Marked only in occasional case 
during severe crisis 

Usually rapid in active cases 
Both patient's and donated cells 
Common during active phases, 
especially after transfusion 

In active cases. Much more 
numerous after splenectomy if 
hemolysis persists or recurs 
Occasionally present; may be 
severe!® 


Usually positive, with frequent 
persistence during quiescence 
Frequent 


Frequently marked especially 
during hemolytic episodes 
Frequently present especially 
during and = after hemolytic 
episodes 

Frequent 


Occasionally present in patients 
with myeloma, lymphoma and 
lymphocytic leukemia 
Sometimes markedly deficient 
Frequently marked in active 
cases®? 
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comment. Abnormality of the red cells 
persists after splenectomy in HS de- 
spite the uniformly good clinical re- 
sponse. In AHD, on the other hand, 
hematologic abnormalities are observed 
during periods of accelerated red cell 
destruction but disappear during quies- 
cent phases of the disease. F luctuations 
in the rate of red cell destruction fre- 
que ntly continue after sple nectomy in 
patie nts with AHD. 

Abnormal autoantibodies are found 
only in exceptional cases of HS while 
in AHD demonstration of autoanti- 
bodies in the serum or attached to the 
red cells is the prime requisite for 
diagnosis. 

Conclusion. Differentiation between 
hereditary spherocytosis (a congenital 


YOUNG, 


MILLER: 


autoimmune 
(an acquired he- 
molytic anemia) can usually be made 
there strik- 


hemolytic anemia) and 


hemolytic disease 
with accuracy because 
ing clinical, hematologic and serologic 
differences. The become 
especially apparent when the patient 
can be studied over a long period of 
time and when relatives can also be 
examined. It is difficult 
however, to make a firm diagnosis at 
the time of the 
tions because 


are 


differences 


sometimes 


first series of examina- 
no single laboratory test 
is diagnostic. As diagnosis of these two 
well defined disorders becomes more 
precise, hemolytic 
disease, both congenital and acquired 
are more 


atypical forms of 


clearly recognized. 
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STREss incontinence, a common gyn- 
ecologic sy mptom, is characterized by 
the loss of urine through the inti ict 
urethra, under conditions which _in- 
crease the intra-abdominal pressure, 
such as laughing, coughing, sneezing, 
lifting or straining. The exact incidence 
is not readily available, but Goldberger 
and Davids'* found that of all patients 
requiring vaginal plastic surgery, 37.8% 
suffered from varying degrees of stress 
incontinence. Kegel*® reported that 
5.5% of women whom he studied ex- 
hibited poor bladder control. It is 
probably more frequent than this, since 
many women fail to mention this symp- 
tom unless que -stioned about it. Many 
of these patients withdraw from cer- 
tain of their social activities for fear 


( 674 ) 


of embarrassment instead of seeking 
relief from their symptom. Indeed, 
certain women consider incontinence 


to be an inevitable sequel of child- 
bearing and of The 
condition usually manifests itself late 
in the childbearing period, or during 


advancing age. 


the menopause, although it may ap- 
pear at any time. 
Stress incontinence is either con- 


genital or acquired. The congenital 
type may be present from birth. The 
patients suffering from this type fre- 
quently give a history of having a 
“weak bladder” from early life through 
adolescence. This is true especially of 
nulliparous women who develop stress 
incontinence in later life. 


| 
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The acquired types may follow ob- 
stetric trauma, surgical procedures on 
the vagina or uterus, or the atrophy 
which occurs at the menopause. 

Anatomy of the Female Urethra and 
Bladder. The urethra varies in length 
from 3 to 5 cm. Kennedy? found its 
average length to be between 4.0 and 
1.5 cm., and Krantz*! between 3.0 and 
3.6 cm. The internal or vesical orifice 
of the urethra lies approximately 3 cm. 
behind the midportion of the symphy- 
sis pubis. From its internal orifice, the 
urethra extends downward and _for- 
ward so that its external meatus opens 
in the vestibule of the vagina, about 
2 cm. below the base of the clitoris. 

In its course from the bladder to the 
external meatus, the urethra pénetrates 
the three diaphragms of the pelvic 
outlet: (1) the pubo-vesico-cervical 
fascia, (2) the urogenital diaphragm, 
and (3) the pubococeyge us muscle, 
with Me fascia and adjoining musculo- 
fascial supporting structures. 

Kennedy*’ studied two urethras by 
serial section. He cut one of them at 
right angles to the longitudinal axis 
of the canal. The other was sectioned 
parallel to the long axis of the urethra, 
and at right angles to its sagittal plane. 
His conclusions follow: 

“The true sphincter of the urethra 
is wholly composed of the circular 
smooth muscle surrounding the middle 
and inner thirds of the urethra, to- 
gether with their associated, longitudi- 
nal smooth muscles. When relaxed it 
may be thought of as a_ cylindrical 
sphincter. In this ‘relaxing’ state it 
prevents any urine escaping from the 
bladder.” 

“A study of the urethra with serial 
sections, concentrating specifically on 
the intrinsic voluntary muscle fibers, 
reveals that they compose a_ single 
muscle, having an unusual shape and 

unusual a function. It has been 
temporarily named the muscle of 
micturition.” 
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“The muscle of micturition has two 
origins, possesses its own identity, is 
entirely independent from and oppon- 
ent to the levator ani, the bulbocavern- 
osus, the transversus perinei, and the 
ischiocavernosus muscles, and has two 
insertions. Two nerves supply it, pass- 
ing in near its origins, one branch each 
from the pudendal trunk ascending 
parallel to the ramus of the pubis. Its 
function, when contracting, is to dis- 
tort and open the true or cylindrical 
sphincter.” 

Krantz*! studied 7 urethras in a sim- 
ilar but more detailed manner. He 
used stains which allowed him to dis- 
tinguish readily smooth and striated 
muscles, nerves, collagen, myelin and 
epithelial surfaces. He concluded the 
following: 

“The lower two-thirds of the urethra 
traverses the anterior vaginal wall and 
is inseparable from it. 

“The circular muscle of the lower 
third of the vagina encircles the ure- 
thra superiorly and inferiorly. 

“The longitudinal smooth muscle of 
the urethra lies close to the lumen and 
is continuous with the longitudinal 
musculature of the bladder. 

“The circular beneenes of the urethra 
is of two types 

“Smooth coats fibers encircle the 
longitudinal muscle fibers throughout 
the urethra in a spiral fashion and are 
continuous with the circular muscu- 
lature of the bladder. 

“Striated muscle fibers which origi- 
nate from decussating fibers of the 
ischiocavernosus and bulbocavernosus 
muscles encircle the middle third of 
the urethra to form a striated sphincter. 

“There is no specific localized smooth 
muscle sphincter in the urethra. Thus 
the urethra and bladder are apparently 
one anatomical unit and function as 
such. 

“The bladder is composed of two 
closely interlaced layers of smooth 
muscle, longitudinal and circular. 
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“The presence of the ‘puboprostatic 
ligaments’ in the female has been es- 
tablished.” 

Krantz attributed his radically differ- 
ent findings to the fact that he had 
employed a stain which made it pos- 
sible to differentiate muscle from con- 
nective tissue. 

Ullery®®, in his recent monograph, 
summarized the situation as follows: 

“Three groups of muscles may be de- 
scribed as forming the musculature of 
micturition: (1) the detrusor vesicae, 
(2) the ‘internal sphincter’, and (3) 
the ‘external sphincter’.” Summarizing 
from Ullery’s review, the following 
_ are pertinent to this topic: 

The muscular wall of the bladder 
is ae of three layers. These are 
separated indistinctly into an external 
longitudinal, a middle circular, and 
an internal longitudinal layer. These 
form the detrusor vesicae. For practical 
purposes, these three layers function 
unit. The circular layer is the 
most complete and most important. Of 
the two longitudinal layers, the external 
is the more important and is thickest 
in the sagittal plane. There is a thick- 
ening of the bladder wall, termed the 
musculus trigonalis, in the region of 
the trigone, where it is superimposed 
on the detrusor vesicae. This area of 
the bladder is not subject to change 
when the organ is distended. It is 
formed from a fan-wise extension of 
longitudinal muscle fibers from the 
dorsal walls of each ureter. 

The “internal sphincter” lies distal 
to the internal urethral orifice, where 
the circular fibers of the urethra inter- 
mingle with the longitudinal ones. 
These combined fibers are continuous 
with the bladder fibers. Although 
Krantz found no true sphincter in this 
region, most anatomists and histologists 
believe that the true sphincteric con- 
trol of the bladder outlet lies in this 
area. It is also in this region that Ken- 
nedy found his muscle of micturition. 


as a 
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3. The “external sphincter” is formed 
by decussating fibers of the bulbo- 
cavernosus and ischiocavernosus mus- 
cles, together with those of the deep 
transverse perinei muscles. Of great 
importance also is the supportive fascia 
of the pubococcygeus muscle which 
aids in compressing the urethra, and 
produces a sphincteric effect together 
with the accessory muscles. 

The Physiology of Continence. Ken- 
nedy*® concluded that continence is 
maintained wholly by the circular 
smooth muscle surrounding the upper 
two-thirds of the urethra, together with 
its longitudinal smooth muscle. “When 
the muscle of micturition relaxes, the 
true or cylindrical sphincter exhibits 
its maximum control and no urine 
runs out of the bladder. When it con- 
tracts completely the cylindrical sphinc- 
ter is distorted into an oval formation 
throughout its length. In this ‘voiding’ 
state all the urine can escape from the 


biadder. If complete contraction be- 
comes permanent, complete inconti- 
nence exists. Any permane nt pé artial 


contraction will carry with it a corres- 
ponding degree of incontinence.” 
Krantz*! believes that the muscu- 
lature of the urethra and_ anterior 
vaginal wall has the following role 
micturition: “The urethra and bladder 
function as a unit. This unit may be 
likened to a lever system of the first 
class: the bladder at one end and the 
external urethral meatus at the other, 
while the puboprostatic ligaments act 
as a fulcrum. When the bladder is 
sufficiently full, sensation is perceived 
cerebrally through the visceral affer- 
ents. Cord re ra with modulation 
through cerebral control initiates the 
response for voiding through stimulus 
in the parasy mpé athetic nervous system. 
Increase in the intra-abdominal pres- 
sure accompanied by contraction of 
the bladder and urethral smooth mus- 
cle results in a reduction of the bladder 
capacity with concurrent increase in 
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the intravesical hydrostatic pressure. 
The urethra shortens through contrac- 
tion of its longitudinal fibers, and, be- 
cause the longitudinal fibers are closer 
to the lumen, there is concentric dis- 
placement of the circular fibers of the 
wethra which are also in a state of 
tonus. As a result, the lumen is opened, 
allowing urine to escape. Closure of 
the urethra, making the individual 
continent, is achieved through the tonic 
contraction of the smooth circular 
muscle. The longitudinal muscle may 
be said to be antagonistic to the circu- 
lar smooth muscle of the urethra. If 
cessation of voiding be initiated on a 
voluntary basis, it is brought about 
through the closure of the urethral 
lumen by the striated sphincter in the 
region of the middle third. Since this 
sphincter is an integral part of the 
bulbocavernosus and ischiocavernosus 
muscles, it has voluntary (spinal) in- 
nervation. During voluntary control or 
on contraction of the striated sphincter, 
the urethra rises in and upward 
into the vagina. The role played by 
the sympathetic nervous system is not 
clearly understood; however, from the 
evidence now present in the literature, 
it is relegated to a minor role.” 

The studies by Krantz indicate that 
two anatomic defects produce incon- 
tinence: (1) inadequacy of the sup- 
port and fixation provided by the 
puboprostatic ligaments, and (2) in- 
adequacy of the voluntary and smooth 
circular muscles of the urethra. 

Berkow® recently proposed an added 
factor in the maintenance of bladder 
control: the corpus spongeosum of the 
urethral submucosa, which exerting a 
“washer” effect, aids in reinforcing the 
urethral sphincters. This theory is 
supported by the clinical fact that post- 
menopausal patients, who are prone 
to incontinence, have greatly decreased 
urethral vascularity and turgidity. 

Radiographic Observations. Clini- 
cians have studied incontinent women 
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by the use of roentgenograms, and agree 
on the findings described below. Ken- 
nedy**, employing a urethral balloon 
filled by a contrast medium, showed 
that the proximal portion of the ure- 
thral sphincter was stronger than the 
external portion. He found that the 
mid-urethral sphincter was the strong- 
est of the three. In the normal urethra, 
the proximal portion of the involun- 
tary sphincter was found to dilate at 
30 to 40 cm. of water pressure, while 
the voluntary or middle sphincter did 
not do so until the pressure was raised 
to 80 cm. From studies upon his in- 
continent patients he concluded, that, 
when the voluntary sphincter dilates 
at 30 cm. of water pressure, it is justi- 
fiable to make a diagnosis of inconti- 
nence. Similar studies by Barnes*:* con- 
firmed the findings of Kennedy. He 
felt that incontinence resulted from 
two factors, increased intravesical 
pressure, and decreased urethral resis- 
tance, one or both of which could be 
operative in producing the symptom. 
By cystometric curve studies, he 
demonstrated a definitely increased 
intracystic pressure when subjects were 
changed from the recumbent to the 
standing position. Barnes used a bal- 
loon containing 90% sodium iodide at 
35 cm. water pressure to study urethral 
resistance. He found that in the nor- 
mal individual, using this pressure, 
urethral resistance displaced most of 
the fluid to the ends of the balloon 
outside the urethra, while incompetent 
urethras failed to displace this fluid 
and dilated along their length. In 
addition he passed a watch chain along 
the urethra via a catheter to study the 
effect on the contour and curve of the 
urethra. With this he demonstrated 
funneling of the bladder neck in pa- 
tients with stress incontinence. 

In 1949, Muellner*? studied the lo- 
cation of the bladder by the use of a 
radio-opaque medium. He found that 
when the patient was in the recumbent 
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position, the normal bladder base lay 
above the symphysis. When the patient 
stood up, only slight descent of the 
bladder base occurred. In _ patients 
who were incontinent, he found pro- 
nounced descent of the bladder base, 
and a pointing or a teat-like outpouch- 
ing of the region of the vesical neck, 
either on stress or on standing. He 
concluded that the internal portion of 
the urethral sphincter and the pubococ- 
cygei muscles, which he felt formed 
the mid- -sphincter, are the vital fac- 
tors in urinary control. Exertional in- 
continence results from the failure of 
these muscles to support the bladder 
neck. Comparable radiographic stud- 
ies were conducted pre- and postoper- 


atively by Marchetti** with similar 
results. 
Ball, Fulkerson and Douglas’ pre- 


sented a method which demonstrated 
the position of the bladder neck in re- 
lation to the inferior border of the 
symphysis. They covered a_ Foley 
catheter with a sheath so that it could 
be filled with contrast fluid. The 
catheter was inserted into the bladder 
so that the sheath extended through 
the urethra. The bladder was filled 
with 5% sodium iodide, while the sheath 
and the Foley bulb received 30% so- 
dium iodide for the purpose of con- 
trast. Lateral roentgenograms were 
made with the patient sitting and 
standing. In each of these two posi- 
tions, a film was taken before the pa- 
tient tried to void; a second film while 
she made an effort to void; and a 
third film when the patient tried to 
constrict the urethral muscles. In each 
lateral view of the pelvis, they drew a 
line projecting through the superior 
and inferior edges of the symphysis. 
They defined this line as the lateral 
bore of the sy mphysis. In the average 
nullipara, the bladder neck was found 
to lie 1.8 cm. behind this line, while 
tle external meatus lay anterior to it. 
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In the case of patients with stress im- 
continence, the bladder neck was 
found to be anterior to the lateral bore. 
Thus the bladder neck had been dis- 
placed both downward and forward. 
Funneling of the bladder neck also was 
observed. The inner third of the 
urethra exhibited an accordion effect 
with anterior displacement of the ex- 
ternal meatus. Films of patients with 
congenital incontinence revealed the 
same relationships as did the films of 
those who suffered from incontinence 
due to the trauma of parturition. 

Jeffcoate and Roberts**! studied in- 
travesical pressure in relation to in- 
continence. They found that the normal 
resting intravesical pressure is 10 cm. 
of water, and that under stress it rises 
to between 50 and 75 cm. They made 
the following observations with re- 
gard to stress incontinence*?: 

“When the patient is asked to cough, 
incontinence occurs at any time, 
irrespective of the amount of fluid 
the bladder.” 

“The more troublesome the symp- 
tom, the lower the pressure required 
to produce incontinence.” 

“Many patients remain dry if the 
intravesical pressure is slow ly and 
gradually raised to a pressure as high 
as 70 cm. of water, whereas a sudden 
rise to half this pressure causes the 
escape of urine.” 

Jeffcoate and Roberts also studied 
the relationship between the urethra 
and bladder by the means of lateral 
roentgenograms. They found that the 
normal bladder base lies parallel to, 
and just above a line drawn from the 
lower edge of the symphysis to the fifth 
sacral vertebra. The angles formed by 
the junction of the urethra and blad- 
der, both anteriorly and_ posteriorly, 
were well defined. In the normal indi- 
vidual, micturition obliterated the pos- 
terior urethrovesical angle, but this did 
not occur with stress. When patients 
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with marked uterine prolapse make 
straining efforts, the urethra and blad- 
der are forced downward. The fact 
that these patients are not always in- 
continent under these conditions is 
explained by the maintenance of a 
normal posterior urethrovesical _rela- 
tionship. “Irrespective of the degree of 
descent, the angles of the urethro- 
vesical junction remain clearly defin- 
ed2!.”, With stress incontinence “the 
most characteristic change is the loss 
of the posterior urethrovesical angle 
so that the trigone and urethra tend to 
come into line”*'. The standard anter- 
ior colporrhaphy may not cure incon- 
tinence on account of its failure to 
correct this posterior urethrovesical 
angle. 

Hodgkinson*’, studied urethrovesical 
relationships employing the metallic, 
bead chain technique. In incontinent 
patients under stress, he found a down- 
ward, vertical thrust of the bladder 
and its contents, so that as a result, 
the internal sphincter became the re- 
gion of maximal hydrostatic pressure. 

Differential Diagnosis of Stress In- 
continence. The presence of stress in- 
continence may be suspected from a 
good history, but its diagnosis may be 
uncertain sole ly on this basis. The in- 
voluntary escape of urine under stress, 
from a partially-filled bladder through 
an intact urethra, must be differentiat- 
ed from many similar conditions. Fail- 
ure of incontinence to respond to the 
usual operative procedures is often due 
to the failure to establish the exact 
type of incontinence. 

The patient who presents herself 
with symptoms suggestive of stress in- 
continence requires thorough study 
during which all other conditions that 
may produce incontinence are con- 
sidered. Some of these conditions 
follow: 

1. Congenital anomalies of the urin- 
ary tract may cause _ intermittent 
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urinary leakage. Among these are 
ectopic ureters, extrophy of the blad- 
der, diverticula and strictures of the 
urethra, congenital valves in the proxi- 
mal urethra, and faulty development 
of the musculature about the bladder 
neck and urethra. The incontinence as- 
sociated with these will often begin 
early in childhood. The last named, 
however, which is fre ‘quently associated 
with spina bifida, may not produce 
symptoms until later in adult life. 

2. Lesions of the nervous system, 
with so-called “cord bladder”, may re- 
sult in paradoxical incontinence with 
intermittent or constant dribbling from 
an overdistended viscus. The lesions 
most commonly associated with this 
type of incontinence are tabes dor- 
salis, multiple sclerosis, benign or mal- 
ignant spinal cord tumors, transverse 

myelitis, and Pott’s disease of the spine. 

3. Intrinsic lesions of the bladder 
neck and urethra which interfere with 
normal sphincter mechanisms are 
mainly tumors, calculi, suburethral 
cysts, ‘and trigonal hernias. Their action 

may be purely mechanical, or they 

may give rise to inflammatory changes 
in the bladder or urethra, which in 
turn result in extreme urgency and 
frequency which simulate stress incon- 
tinence. Chronic inflammation of the 
urethral glands is considered by Hoch'® 
to be one of the commonest causes of 
incontinence in women. This was also 
stressed by Rashbaum and Mandel- 
baum**, who considered one of the 
prominent causes of incontinence to 
be papillary posterior urethritis, due 
to infection of the glands near the 
vesical orifice. These inflammatory con- 
ditions produce extreme urgency and 
frequency of urination, to which the 
term “false incontinence” has been ap- 
plied. These may produce enuresis in 
childhood; they may appear for the 
first time after menstruation has be- 
gun; or they may appear initially after 
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the onset of the menopause on account 
of the atrophy that accompanies en- 
docrinal deficiency. 

4. Extrinsic causes include the fol- 
lowing: cervical or corporeal uterine 
growths, inflammatory or neoplastic 
adnexal masses, sigmoid malignancy or 
diverticulitis. They produce urgency 
that simulates incontinence through 
vesical distortion or pressure to the 
point of limited capacity. They may 
also directly involve the bladder or 
urethral wall and produce marked ves- 
ical irritability. 

5. Fistulas of the urinary tract, re- 
sulting from obstetrical or surgical in- 
juries, malignancy or irradiation, with 
intermittent urinary leakage, may at 
times imitate stress incontinence. Such 
fistulas may escape detection upon 
routine inspection. A history of pre- 
vious trauma, and a careful study by 
means of urography and intravesical 
solutions of dye, will permit accurate 
localization. 

Study of the Patient with Stress In- 
continence. The study should begin 
with a complete history, allowing the 
patient to describe her symptoms in 
her own terms. She may complain of 
other symptoms such as vulvar pruritis 
or irritation, but not of the inconti- 
nence itself. An effort should be made 
to determine the circumstances under 
which urine is lost, the duration and 
severity of her symptoms, and any re- 
cent changes in symptomatology. The 
existence of a “weak bladder” at any 
previous time should be ascertained, 
as well as the history of antecedent 
trauma or infection. This should be 
followed by a general physical exam- 
ination with emphasis on possible neu- 
rologic deficiencies. A pelvic examina- 
tion with visualization of the cervix is 
then carried out. At this time the pa- 
tient is asked to strain down so that 
the degree of pelvic relaxation is 
evaluated. 
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The following diagnostic measures 
are important in proving the existence 
of true stress incontinence: 

uRINALYsIS. A catheterized speci- 
men should be obtained for ge 
analysis, microscopic examinaticn, and 
culture. Voided specimens are ae 
for this purpose. 


2. ENDOSCOPK 


EXAMINATION. Thor- 
ough visualization of the bladder and 
urethra is essential in order to rule out 
the presence of any of the intrinsic le- 
sions that have been mentioned above, 
and to exclude the existence of extrinsic 
lesions that might affect bladder func- 
tion. In addition, the use of a dve such 
as indigo-carmine, by renal e ‘xeretion 

r bladder instillation, may be helpful 

: localizing a high or obscure fistula. 

a INTRAVENOUS UROGRAPHY. This will 
aid in detecting lesions of the upper 
urinary tract such as ectopic ureters. 
It can also serve to demonstrate ure- 
thral sphincter incompetence according 
to the technique of Briney and Hodes'’. 

4. CYSTOMETROGRAM. This measures 
the bladder capacity and helps to rule 
out the possible existence of neurologi- 
cal causes for urinary incontinence. 

5. CYSTOGRAPHY AND CYSTO-URETH- 
ROGRAPHY. The techniques described 
by Ball® and Jeffcoate*! are invaluable 
in establishing the diagnosis . 
incontinence. Their methods of study 
are important adjuncts not sectap in diag- 
nosis, but also in determining the ex- 
tent to which it is necessary to elevate 
the urethra and vesical neck. The 
lateral views of the urethra and blad- 
der are of particular importance, and 
postoperative examinations are help- 


stress 


ful in evaluating the results of the 
procedure. 
6. URETHRAL ELEVATION TEST. This 


maneuver aids in confirming the diag- 
nosis of stress incontinence, and _ in 
predicting the result to be expected 
from urethral and vesical neck reposi- 
tion. Bonney supported the urethra and 
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bladder neck by the use of digital 
pressure on either side of the urethra. 
By this means, the involuntary escape 
of urine from the bladder could be 
prevented. The use of fingers might be 
misleading because of their breadth. 
Read elevated the vesical neck with 
the ends of long thumb forceps. Mar- 
shall*® filled the bladder with 250 cc. 
of saline solution, and had the patient 
demonstrate her incontinence by cough- 
ing and straining in the lithotomy and 
standing positions. He injected pro- 
caine into the anterior vaginal wall at 
the level of the interureteric ridge. He 
then grasped this area with an Allis 
forceps, and pushed it upward toward 
the umbilicus. If the patient retained 
the fluid in her bladder on coughing 
and straining, he regarded the test as 
positive, indicating a good likelihood 
that she could be cured by suprapubic 
vesicourethral suspension. 

7. SPECIAL VAGINAL EXAMINATION. 
Examination of the urethra and blad- 
der while the patient stands and bears 
down, with one foot on a low stool, 
often reveals a relaxation which might 
not be apparent with the patient in 
the lithotomy position. 

Methods of Treatment. The current 
treatment of stress incontinence ranges 
from the conservative, non-operative 
treatment on the one hand, to the 
radical operative treatment the 
other. 

NON-OPERATIVE TREATMENT. 1. Phys- 
iologic treatment, directed toward de- 
velopment and re-establishment of tone 
and function of the pubococcygei mus- 
cles, has been advocated by Kegel and 
his Their treatment 
is based on the clinical finding that 
many patients exhibit atrophy of the 
voluntary muscles in the region of the 
vesical neck. They place emphasis up- 
on the need to strengthen and increase 
the tone of these muscles which have 
been damaged during parturition, or 


in which tone was always poor. They 
also found that between 30 and 40% 
of all women lack normal muscular 
function, and have no awareness, or 
only a limited awareness, of their abil- 
ity to contract these muscles volun- 
tarily. Evaluation of function is made 
with the patient in the lithotomy posi- 
tion and with the examining finger 
palpating the lateral regions of the 
middle third of the vagina. The pa- 
tient is asked to “pull up” or “hold” 
as if she were, attempting to control 
her bowels or hold her urine. Approx- 
imately one woman in three is unable 
to appreciate the fact that she can do 
this voluntarily. The strength of the 
contractions which she can produce 
are measured by means of a pneu- 
matic resistance chamber, called the 
perineometer. This fits the vagina and 
is connected to a manometer by a piece 
of rubber tubing. The average patient 
produced pressures varying between 
30 and 60 mm. of mercury, while those 
who were unaware of their ability to 
contract these muscles, produced little 
or no increase in pressure. 

Kegel has applied these exercises in 
the treatment of many types of pelvic 
floor inadequacy. The method of exer- 
cising these muscles is explained to the 
patient, and she is advised to perform 
them for a period of 20 minutes 3 times 
a day. The perineometer is a useful 
instrument for checking the progress 
of the patient. In those patients who 
were unaware of the fact that the 
pubococcygeus muscle could be con- 
tracted, the perineometer offered a vis- 
ual means of observing the action of 
this muscle. 

Jones and Kegel** treated 117 pa- 
tients with stress incontinence by this 
method. Of this number 69% showed 
improvement. Six per cent showed 
good results which were followed by 
relapse when they failed to continue 
their exercises. Twenty-five per cent 
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showed no improvement. They also 
treated 37 patients who were still in- 
continent following previous vaginal 
surgery. Seventy-one per cent of these 
were relieved by exercises. 

Definite improvement usually fol- 
lowed 6 weeks of exercise, but the ul- 
timate gain was not achieved for at 
least 6 months. This treatment is not 
designed to replace surgery when this 
is indicated, as, for example, in cases 
of descensus, cystocele or rectocele. 
However, its pre- and postoperative 
use improves the results in patients 
who are treated surgically, and in the 
event that the patient w ill not tolerate 
or consent to operation, it serves as 
an excellent alternative procedure. 

Although Wharton®* does not feel 
that the perineometer is essential to 
the performance of this treatment, he 
believes these exercises are an impor- 
tant adjunct in the management of 
stress incontinence. He lists the fol- 
lowing indications: poor operative 
risks, surgical failures following opera- 
tion for stress incontinence, stress in- 
continence developing after other 
gynecologic operations, and as supple- 
mentary treatment in urologic condi- 


tions associated with stress incontin- 
ence. 
2. Urologic therapy is undertaken 


whenever it is necessary to eradicate 
local foci of chronic infection. Rash- 
baum**® dilates the urethra at weekly 
intervals and applies a 5% solution of 
silver nitrate to the trigone, bladder 
neck and urethra. He supplements this 
with exercises consisting of repeated 
starting and stopping of the urinary 
stream, and with the administration 
of ephedrine for its effect upon the 
sympathetic nervous system. Of 68 pa- 
tients whom he treated with this plan 
of therapy, 40% were cured and 41% 
improved. 

3. Hormonal therapy has been sug- 
gested by Salmon et el.‘ for the pur- 
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pose of overcoming the atrophy of the 
genital tissues that follows the meno- 
pause. He treated 10 patients with 
estrogenic hormones. He _ observed 
symptom: itic improvement of 5 pi atients 
within one week. The symptoms of 
these patients recurred in 6 weeks to 
4 months after treatment was stopped. 

When the cause of the incontinence 
cannot be determined, a trial of com- 
bined urologic, hormonal, and_physi- 
ologic therapy is justified before any 
type of surgical approach is carried 
out. The adverse effect of prolonged 
estrogen therapy must be borne ir 
mind, if it is to be used. Conservative 
therapy may obviate the need for sur- 
gery in certain cases. 

OPERATIVE TREATMENT. Basically, 
four types of surgical approach are 
in the treatment of stress incon- 
Reconstruction of the va- 
gina (the so-called “standard” type of 
vaginal operation), 2. Advancement of 
the urethra. Transplantation of 
fascia under the urethra (the “sling” 
operation ). 4. Suspension ‘f the ure- 
thra and bl: idder behind the symphy- 
sis (the “pin-up” operation ). 

1. Vaginal reconstruction. 


used 
tinence: l. 


These op- 


erations aim strengthening the 
fascia supporting the bladder and 
urethra, re-establishing the posterior 


urethrovesical angle, and decreasing 
the size of the urethral lumen. In 1913, 
Kelly*® suggested plication of the fascia 
at the bladder neck and the posterior 
urethra. An anterior colporrhaphy was 
often added to this procedure. In sub- 
sequent years, the Ke lly operation was 
modified in many ways to provide 
additional support. TeLinde™ modifies 
the Kelly procedure by denuding the 
vaginal mucosa covering the posterior 
part of the urethra. He plicates the 
fascia under the urethra, placing special 
emphasis upon the plication in the re- 
gion of the vesical neck. Kennedy?*:** 

2% on the basis of his studies, slinsten 
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the suburethral fascia after separation 
of the urethra from the pubis. He 
considers the dissection of the urethra 
from the pubis to be the most impor- 
tant step his operation. 

These procedures represent the basic 
types of vaginal surgical approach. On 
the average, 10 to 20% of patients will 
experience a recurrence of their symp- 
_ following any one of these types 

f operation. Counseller™ recently re- 
sed the results of 578 operations for 
stress incontinence. He utilized three 
different techniques in the performing 
of these operations. These were the 
Kelly, the modified Ke ‘lly, and the Ken- 
nedy operations. Of 227 patients 
treated by the Kelly operation, 85% 
became continent, 5% were improved, 
and 10 remained unimproved. One 
liuundred and ten patients were sub- 
jected to the modified Kelly procedure. 
Eighty-seven per cent were cured; 7% 
were improved; 6% were not improved. 
Jp the Kennedy operation on 

79 patients, 85% were cured, 8% were 
and 7% remained unim- 
proved. 

Counseller treated series of wo- 
men who had had previous vaginal 
surgery for stress incontinence without 
relief of their symptoms. He performed 
the Kelly operation on some, and the 
Ke nnedy operation on the others. The 
Kelly operation was followed by cure 
in 76% of the patients, improvement in 
10%, and failure in 14%. The Kennedy 
operation was followed — by cure 
in only 48% of the patients, im- 
provement in 22%, and failure in 30%. 
\s a secondary procedure, therefore, 
the Kelly operation was twice as suc- 
cessful as the Kennedy in this series. 

TeLinde™ pe formed the Kennedy 
procedure on 249 patients. He cured 
10.3% and improved 5%. Phaneuf et al.*? 
had a 91% cure rate in 23 patients. 

The 90% cure rate, added to the rel- 
itive ease of performance of the vag- 
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inal operations, make these the ra- 
tional ones with which to undertake 
surgical treatment of stress inconti- 
nence. 

2. Urethral advancement. Berkow’, 
in 1941, described this procedure con- 
sisting of elevation of the urethra, with 
lengthening and narrowing of its lu- 
men, so that its external meatus is 
advanced’ close to the base of the 
clitoris. This operation was first used 
by Pawlik"’ in 1883, and later by Bon- 
ney. Berkow also buttressed the ure- 
dhre with the pubococcygeal and bulbo- 
cavernosus muscles. He reported con- 
tinence in 17 of 19 patients with follow- 
up ranging from 2 months to 3 years. 
Reis ond DeCosta** used Berkow’s tech- 
nique on 33 patients. They cured 31 
of them. They believe that its greatest 

value is in cases of stress incontinence 
following obstetric injury, and advise 
postoperative observation for at least 
6 months before a final evaluation of 
the results is made. 

3. Suburethral fascial transplanta- 
tion. This type of surgical treatment, 
though not of recent origin, is at 
present the most controversial in the 
approach to the treatment of stress in- 
continence. The discussion centers 
about the need for the “sling” opera- 
tion as an initial effort, in view of the 
cure rate following standard vaginal 
procedures. 

In 1910, Goebell'? elevated the ure- 
thra by the use of a sling made of 
the pyramidalis muscles. Four 
years later, Frangenheim' reported 
the use of the py ramidalis muscle and 
its fascia, and at times he used the 
rectus fascia when the pyramidalis was 
poor. Stoeckel®®, in 1917, combined the 
procedures of Goebell and Frangen- 
heim and added to them a vaginal 


procedure in which he plicated the 
structures about the vesical neck. The 
“sling” procedures are generally known 
by the name Goebell- Frangenheim- 
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Stoeckel operations, and variations in- 
troduced by other surgeons are modi- 
fications of this technique. 

Three modifications have come into 
popular usage during the past decade. 
The first is the Aldridge’ operation as 
described in 1942. The second is Stud- 
diford’s variation of this procedure*!**: 
55, and finally there is the method of 
Millin and Read***". 

The Aldridge procedure consists of 
dissecting the urethra from the vaginal 
wall and from the symphysis, to the 
point at which the abdominal muscles 
attach to the pubis. The tissue of the 
inferior surface of the urethra is then 
plicated, including the region along 
the posterior surface of the urethro- 
vesical junction, and the anterior 
vaginal wall is left unsutured. Through 
a suprapubic abdominal incision, a 
strip of aponeurosis from both of the 
external oblique muscles is formed into 
a sling. The distal ends of these strips 
of aponeurosis, still attached to their 
muscular origin, are passed through 
either rectus muscle, behind the sym- 
physis and into the suburethral space, 
where they are sutured together. Fol- 
lowing this the y vaginal wall is closed. 
To avoid unnecessary changes in the 
position of the patient, the suprapubic 
portion of the operation may be per- 
formed before the vaginal portion of 
the operation is undertaken. 

Studdiford’s modification of the AIl- 
dridge operation consists of freeing a 
single longitudinal strip of rectus 
fascia and leaving, one end still at- 
tached to the rectus sheath. The free 
end of this strip is carried under the 
urethra and is attached to the opposite 
rectus muscle. He considers that the 
use of the rectus fascia offers less 
chance for weakness or herniation of 
the abdominal wall than does the use 
of the fascia of the external oblique 
muscles. 
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The proce ‘dure of Millin and Read 
has no vaginal approach. They form 
aponeurotic slings secured from the 
sheaths of the oblique and rectus mus- 
cles. Each of these is carried through 
its rectus muscle, under the urethra, 
and returned to the sheath of the op- 
posite rectus muscle where it is at- 
tached. The sling is so fixed that any 
increase in intra-abdominal pressure is 
associated with further elevation of 
the bladder neck. Following this pro- 
cedure the patient must re-learn to 
void, because any straining effort will 
be met by the resistance of the sling. 
Relaxation of the abdominal muscles 
is necessary in order to initiate micturi- 
tion. 

The indication for any sling pro- 
cedure is failure to relieve the inconti- 
nence by a_ standard vaginal pro- 
cedure. Those who have used the 
sling procedures extensively do not 
recommend them as primary efforts 
or for patients who suffer from utero- 

vaginal prolapse. There is, however, 
reason to perform the sling operation 
primarily for patients who suffer from 
a chronic stress state such as asthma 
or bronchitis. This also applies to pa- 
tients whose occupations require stand- 
ing for long periods, or lifting heavy 
objects. Paxson"! recently emphasized 
these points in his report that com- 
pares the various types of surgical 
treatments for incontinence. 

The results obtained by the use of 
slings are comparable irrespective of 
the technique employed. Studdiford™ 
reported an 86% cure rate in 44 patients 
by his technique. Read**, using the 
Millin-Read technique, reported an ab- 
solute cure in 91 of 125 patients, with 
partial cure in 21, and failure in 13. 
The majority of his failures were due 
to insufficient elevation of the bladder 
neck. Jeffcoate*, using the Aldridge 
technique, cured 23 of 25 patients. 
His studies led him to believe, that 
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the important factor in relief of stress 
incontinence, regardless of the pro- 
cedure, is correction of the posterior 
urethrovesical angle, rather than mere 
elevation of the bladder neck. Sloan*® 
reported 28 cures in 31 patients by 
using the Millin-Read procedure. 

Other tissues have been used in the 
“sling” operation. Barnes* sutured the 
round ligaments under the urethra. 
Shaw** excised a wide strip of fascia 
lata, placed it under the denuded 
urethra, and passed it through holes in 
the pubic bone to be sutured in front 
of the symphysis. The danger of osteo- 
myelitis of the pubis must be consid- 
ered, although few cases have been re- 
ported. O’Sullivan®® re ported on 58 
such operations with only 1.7% recur- 
rence of symptoms. 

In patie nts for whom previous stan- 
dard vaginal procedures have failed to 
produce relief of symptoms, the sling 
operation is gene rally successful, in 
spite of the scar tissue resulting from 
the previous operation. 

The disadvantage of the sling opera- 
tion lies in the time requirement, and 
in the amount of tissue injury that is 
associated with its performance. These 
may lead to a greater number of com- 
plications. Despite these disadvantages, 
the sling procedure seems to be justi- 
fied in selected cases, as a secondary 
surgical attempt. 

4. Suprapubic vesicourethral suspen- 
sion. In 1949, Marshall, Marchetti, and 
Krantz*® described the following pro- 
cedure. This consists of entering the 
space of Retzius through an abdominal 
incision and of separating the urethra 
and bladder from the under surface of 
the symphysis. The vaginal wall is 
sutured to the perioste*m of the 
symphysis pubis on either side of the 
urethra. In the original description of 
the procedure, the vaginal wall sutures 
were carried through the urethral wall. 
Marchetti*® and others observed much 


less injury to the urethra if the vaginal 
wall sutures did not include the wall 
of the urethra. The lower and lateral 
portions of the bladder are then 
sutured to the under surfaces of the 
rectus muscles. Their first report show- 
ed 82% of 44 patients to be cured, 7% 
significantly improved, and 11% unim- 
proved. 

Marchetti** studied his patients post- 
operatively with roentgenograms. He 
found that the most striking post- 
operative change was elevation of the 
bladder. In addition, the bladder neck 
and urethra were found to lie in close 
proximity to the posterior surface of 
the symphysis without distortion of 
their relationships. Roberts? studied 3 
patients postoperatively by means of 
lateral cystourethrograms. He conclud- 
ed that the success of the operation was 
due not only to elevation of the 
urethrovesical junction, but also to a 
restoration of the normal posterior 
urethrovesical angle. 

Other operators have reported equal 
success with this procedure. Chalm- 
ers'12 cured 27 of 31 patients; Doo- 
little'* had complete success in 6 pa- 
tients; Gillam et al.'® reported only 
one failure in 20 patients. 

In 1952, Ball* utilized the Marchetti 
type of procedure, but modified it by 
adding a vaginal approach to the oper- 
ative field. He reported 94% cures in 
69 patients, with follow-up from 2 
months to 3 years. The failures became 
evident so soon after operation, that he 
feels confident that those patients who 
are now relieved of their symptoms, 
will have no recurrence. 

5. Other procedures. Mulvany**, in 
1951, described the technique of ves- 
icourethrolysis, based upon the theory 
that a sphincter must be free to main- 
tain normal function. After complete 
circumferential dissection, the urethra 
is left free without the benefit of fixa- 
tion or plication. In 58 patients, con- 
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tinence was restored without a failure. 
Lennon*?:** found similar success with 
this procedure, but added support 
from below by plication. 

Summary. Interest in stress inconti- 
nence has been intensified by recent 
anatomic and radiographic studies of 
the female bladder and urethra. Both 
have added much to our knowledge of 
the physiology of micturition, and the 
pathology of ‘urethral incompetence. 

The basic defect is the loss of integ- 
rity of the musculo-fascial supports of 
the urethra and bladder. The exact 
origin and identity of these supports 
is an unsettled matter. The methods by 
which these supports may be re- 
established or rehabilitated are also 
controversial. 

Not controversial, however, is the 
fact that, the first step in the manage- 
ment of incontinence must be the elim- 
ination of many other female urinary 
tract conditions that produce symptoms 
similar to those of stress incontinence. 

When the incontinence is proved to 
be due to stress, the choice of treat- 
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ment depends upon the cooperation of 
the patient, the extent of the accom- 
panying relaxation, and the history of 
previous conservative management or 
surgical therapy. 

Non- -operative measures may relieve 
stress incontinence,.or they may serve 
as valuable pre- and postoper: itive as- 
sets to enhance the ultimate functional 
result. 

The literature indicates that, should 
operation be necessary, the first sur- 
gical approach should invoke one of 
the standard vaginal procedures. For 
the small number of failures, one of 
the more complicated operations is in 
order. 

At present, the choice between 
urethral advancement, suprapubic sus- 
pension and suburethral fascial trans- 
plantation is a matter of personal pref- 
erence. In time, with the accumulation 
of both pre- and postoperative data, 
specific indications for each of these 
procedures should be developed, with 
general improvement in the ultimate 
functional results. 
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By PAuL 


THE purpose of this paper is to ex- 
plore some of the more recent contri- 
butions to the study of digestive secre- 
tions in infancy and childhood as a 
supplement to previous communica- 
Qur attention is primarily 
directed toward emphasizing the more 
basic phenomena related to the role of 
trypsin in the physiology of the child. 
The literature covering new develop- 
ments in trypsin during the last 10 
years has been surveyed. The presen- 
tation has been divided into two parts: 
I. Basic Considerations and II. Clin- 
ical Implications (Part II will appear 
in June, 1954). 

I. Basic Considerations. 

Each decade brings new approaches 
to the study of the nutritional pra 
and the enzyme responses in physio- 
logic and pathologic pane ea The 
integration of enzymes with a variety of 
substances has been observed lately: 
of the vitamins, four are now known 
to be essential component parts of 
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certain enzymes, so that a lack of 
either nicotinamide, riboflavine, thia- 
mine or pyridoxine causes a lack of the 
corresponding enzyme. More and more 
drugs and che mical compounds are 
found to produce their characteristic 
eflects by inhibiting or activating a 
particular component in a metabolic 
enzyme system. The hormones have 
been slower to reveal their rel ationship 
to enzymes, but a start has been made 
by Cori’s discovery (1945) that a hor- 
mone from the anterior pituitary in- 
hibits the enzyme hexokinase, essential 
to carbohydrate metabolism. In 1947 
and 1948, the inhibiting effects of estro- 
gens on succinic dehydrogenase and 
malic’ de *hydrogenase were described 
respe sctively by Case and Dickens?* 
and Erway and associates*?. 

The last decade has also been one 
of rapid advances in forging new tools 
for more specific diagnostic tests and 
developing new methods for evalu- 
ating enzyme activity. These studies, 
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when considered in connection with 
other investigations, have helped to 
introduce a sounder basis for experi- 
mental work. More and more investi- 
gators interested in pediatrics are 
devoting their time and effort to the 
in.vestigation of the digestive enzymes 
in childhood!2:: 26,30,34,40,46,49,59,60,85, 88, 103, 
107,109,110,112 141,155,156,162 

The difficulties which attend the 
clinical estimations of the digestive en- 
zymes in childhood may be outlined as 
follows: 1) Technical difficulties in 
procuring specimens from the small in- 
testine with a minimum of resistance 
and excitement from young patients. 

The scanty output of the digestive 
secretions under resting test conditions. 
3) The inconstancy of the secretory 
pattern from one individual to another 
and in the same individual from one 
day to the next. Related to this diffi- 
culty is the effect of emotion or excite- 
ment upon gastrointestinal functioning, 
particularly in infants and_ children 
4) Difficulties in obtaining pancreatic 
or other localized secretions uncontam- 
inated by variable amounts of bile, 
gastric juice, or secretions from other 
areas. 5) The semi-quantitative nature 
of the methods conveniently available 
for the enzymatic components, so that 
the results of estimations have to be 
expressed in units of low precision. 

pEFINITIONS. A catalyst may be defin- 
ed as a | substi ance which alters the 
speed of a chemical reaction without 
appearing in the final products of the 
reaction. An enzyme is a specific bio- 
chemical catalyst produced by the liv- 
ing cell, though independent of the 
living cell in its action. Enzymes con- 
trol biochemical reactions only by al- 
tering their velocities. They are almost 
always protein in nature, and have 
high molecular weights. 

A co-enzyme is a_ thermostable, 
dialyzable prosthetic group, organic in 
nature, which is attached to the pro- 


tein for the final highly active enzyme. 
Not all prosthetic groups are co- 
enzymes, and not all enzymes have 
prosthetic groups. It is accepted that 
the difference in dialyzability is an im- 
portant distinction between vitamins 
and enzymes. Nevertheless, certain 
vitamins have been identified as co- 
enzymes. 

The term protease or proteolytic en- 
zyme refers in the broadest sense to 
all enzymes capable of hydrolyzing 
peptide bonds. Two general classes of 
proteases have been differentiated: 
proteinases ( endopeptidases ) and pep- 
tidases (exopeptidases ). Tentative at- 
tempts have been made to classify the 
proteases in terms of (a) their spec- 
ificity of action on synthetic substrates, 
(b) their animal or plant origin, (c) 
their extracellular or intracellular ac- 
tion, (d) their optimal hydrogen ion 
concentrations, and (e) their activation 
or inactivation by various compounds. 
Unlike most enzymes, the proteolytic 
enzymes appear to lack prosthetic 
groups. 

The extracellular proteinases include 
pepsin, trypsin, chymotrypsin, uro- 
pepsin and some yeast, mold and bac- 
terial proteases. The intracellular pro- 
teinases comprise (a) those of animal 
origin called cathepsins; (b) those of 
plant origin including papain (from 
the papaya plant), ficin (from figs) 
and bromelin (from pineapple); (c) 
most of those from yeast and molds, 
and (d) most bacterial proteases. 
Leukoprotease, the proteolytic enzyme 
of white blood cells, is classified with 
the extracellular enzymes because its 
properties are similar to those of tryp- 
sin. The proteinases are associated 
with the hydrolysis of central peptide 
bonds within the molecule, and are 
therefore sometimes grouped together 
under the heading of endopeptidases. 

The exopeptidases act only upon the 
peptide linkages that are adjacent to 
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the end of the protein molecule: the 
so-called “free terminal polar groups”, 
such as amino and carboxyl groups. 
There is carboxypeptidase which re- 
moves terminal units with free carboxy] 
groups, aminopeptidase which splits 
off units with free amino groups, and 
dipeptidase which splits dipeptides 
into amino acids. 

Further subclassification of the pro- 
teinases falling under these generic 
terms must be empirical and has severe 
limitations. However, the recent iden- 
tification of proteinases as crystalline 
proteins, and the de velopment of pure 
synthetic polypeptide substrates for 
testing, are steps toward better charac- 
terization of certain enzymes by their 
chemical specificity in terms of sites of 
action within the substrate molecule. 
The ultimate aim of this approach is 
to deduce, from the structure .of the 
substrate, the complementary structure 
on the enzyme surface. This approach 


has not been restricted to proteolytic 
enzymes. Its usefulness has, perhz aps, 


been most keenly felt in the field of 
immunochemistry, as exemplified by the 
work of Landsteiner on the specificity 
of serologic reactions. 

TRYPSIN. Historical Background. The 
importance of the study of pancreatic 
enzyme activity in the duodenal con- 
tent has been recognized by pediatri- 
cians for almost half a century. It is of 
historical interest that the hydrolysis 
of amino acid esters by crude pancre- 
atic extracts was first demonstrated by 
Otto Warburg in 190518 and was used 
for the enzymatic resolution of racemic 
mixtures of amino acids. It should be 
noted that the unequivocal proof of 
a specific esterase activity of trypsin is 
of recent origin (1948 ) 144, 

In 1912, Hahn and Lust? reviewed 
the previous contradictory literature on 
the presence of trypsin in stools. These 
authors secured evidence indicative of 
tryptic activity in all infants studied, 
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when casein was used as a substrate, 
regardless of the pH of the stool. They 
alee called attention to the finding that 
adults have less proteolytic activity in 
the stool than infants. 

Since the basic work, in 1912, of 
Hess** who investigated the digestive 
enzyme activity not only of normal in- 
fants and children but also of those 
with acute nutritional disturbances, 
marasmus and certain febrile diseases, 
the procedures for identifying fibro- 
cystic disease of the pancreas from the 
other conditions included in 
the celiac syndrome evolved slowly 
over the vears 1913 to 1938. Lukacs!°* 
examined 231 children for the presence 
of trypsin and observed that the stools 
of children with infections and nutri- 
tional disturbances have decreased 
trypsin, and curiously that children 
with rickets have from 4 to 10 times 
the normal amount. Important data 
concerning pancreatic proteases in 
early life were also obtained by the 
observations of Klumpp and Neale*' and 
by Siwe'?. This pioneering work cul- 
minated in the recognition of the diag- 
nostic criteria for fibrocystic disease of 
the pancreas by Dorothy Andersen in 
1938°. 

On the chemical side, 
history of the pancreatic protease be- 
gan in 1931 when Northrop and 
Kunitz!27 from the Rockefeller Institute 
for Medical Research announced the 
crystallization of trypsin. Within 7 
vears, these investigators isolated in 
crystalline form trypsinogen which is 
the inactive precursor of trypsin, pan- 
creatic trypsin inhibitor and another 
proteolytic enzyme termed chymo- 
trypsin. In the last 10 years consider- 
able attention has been given to serum 
antitrypsin activity and to diverse tryp- 
sin inhibitors from various sources. 
Since 1951, a crystalline preparation of 
trypsin has been available commer- 
cially for clinical purposes. It has taken 
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just about 50 years to reach the present 
position where time-honored theories 
are being reinterpreted in the light of 
critical use of pure laboratory sub- 
stances and standardized controls. 

General Physical and Chemical Prop- 
erties. Crystalline trypsin was first ob- 
tained from the fraction of “commer- 
cial trypsin” which was soluble in 
quarter saturated ammonium sulfate, 
but insoluble in half saturated ammoni- 
um sulfate. When a cold saturated solu- 
tion of this fraction in ammonium sul- 
fate was warmed slowly to 25° C., 
square platelets of trypsin appeared. 

One hundred beef pancreas glands 
have been found to yield 64 gm. of 
crystalline trypsinogen which can be 
activated to 35 gm. of crystalline tryp- 
sin. These w eights refer to filter cakes 
dried by vacuum filtration. 

Crystalline trypsin is essentially 
homoge nous by the usual tests. Its 
molecular we ight derived from the 
Stokes-Einstein law approximates 34,- 
000. Taken in conjunction with the 
actual molecular weight, its elementary 
analysis by weight per cent!?* yie Ids 
these empirical values: C:50.0, H:7.20, 
N:14.9, S:1.10, P:0. Trypsin has never 
been shown to contain any elements 
other than would be derived from 
amino acid residues. Its composition 
is that of a typical protein, with no evi- 
dence of any kind for the presence 
of a prosthetic group. 

Many erroneous experimental re- 
sults sometimes taken as the basis of 
far-reaching hypotheses have been due 
simply to uncontrolled changes in the 
pH of mixtures used for the determina- 
tion. It is of importance that the pH re- 
gion of maximum stability may or may 
not coincide with the region of maxi- 
mum activity. In the case of trypsin, the 
isoelectric point (range of maximum 
stability) is pH 7.5. The hydrogen 
ion concentration for optimum activity 
has been found to be at pH 8!*4. 


A remarkable physical property of 
trypsin is the observation by Mellanby 
and Woolley that solutions of crystal- 
line trypsin in dilute hydrochloric acid 
withstand heating to at least 90° C. 
This peculiarity is a good example of 
reversible protein denaturation. How- 
ever, the process is rendered irreversible 
when a neutral salt is added to the hot 
solution. Anson and Mirsky® also found 
that in 0.1 N hydrochloric acid, tryp- 
sin is almost completely unaltered at 
40° C., but is almost completely de- 
natured above 50° C. 

The stability behavior of trypsin is 
further complicate -d by the fact that 
on the acid side of pH 2 2.0 the protein 
is irreversibly transformed into an 
acid-denatured protein. As the pH is 
increased from 2 to 9 the inactive pro- 
tein which is formed is further digested 
by the active enzyme. From pH 9 to 

12 the processes of inactivation and 
ord sis of the inactive protein are 
accompanied by alkali denaturation, 
and at pH 13 the latter reaction pre- 
dominates. 

Specificity. The relation between a 
given enzyme preparation anda simple 
organic reactant, whether a definite 
group of organic substances or a single 
substance, is known as enzyme speci- 
ficity. It is often found that similar en- 
zymes from different organs of the 
same animal, or from different species, 
will catalyze the same reaction of the 
same substrate at different rates. The 
terms organ specificity and_ species 
specificity are then employed. The dif- 
ference in the specificity of proteinases 
has been shown to be independent of 
the size of the peptide chain and de- 
pendent only on the environment of 
the linkage. Each enzyme has rather 
rigid requirements for the amino acid 
configuration adjacent to the linkage it 
will split. Trypsin can hydrolyze many 
types of protein but appears to possess 
a more specific action on denatured 
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proteins. Trypsin will attack the amide 
linkages of arginine and of lysine 
compounds such as hippuryl-I- argin- 
inamide, hippuryl- l- ly sinamide and 
In each in- 
stance, ammonia is liberated. All these 

mpounds possess a free basic 
amino or §-guanido but no free car- 
boxyl group. If the basic group is sup- 
pressed, no tryptic action occurs. 
Obviously, these substrates for trypsin 
correspond to what exists in the inter- 
ior of the peptide chains of proteins 
where the guanido group of arginine 
and the ¢-amino group of lysine are 
free. The spe cificity is appare tly fairly 
narrow, since the an: ilogous histidine 
compounds are not,’ 'yzed_ by 
trypsin. 

The minimum. structural require- 
ments for trypsin subatrates may be 
summarized as follows!**: 1) A positiv e 
charge separated from the susceptible 
bond by a chain not shorter than that 
of arginine or lysine. 2) A polar group 
in the a- position to the carbonyl car- 
bon atom of the susceptible bond. Al- 
though all polar groups studied have 
been uncharged it appears that a nega- 
tive charge at this point would be un- 
favorable for hydrolysis. 3)- A suscep- 
tible peptide, amide or ester bond. 

Activators and Inhibitors. Inactiva- 
tion of enzymes, probably of the same 
type as heat- inactivation, can be caused 
also by vigorous agitation of solution, 
by applying high pressure, by radiation 
and by many “che mical reagents. The 
ultraviolet light gives rise to excitation 
only of the exposed molecules, where- 
as the main effect of Roe ntgen-rays is 
to cause ionization through loss of 
electrons. Such an ionization, of course, 
is much more effective in initiating a 
chemical change than a mere change 
in the molecular relationship. Bier and 
Nord!* have shown the _inacti ating 
effect of electron bombardment on 
trypsin. This influence is enhanced by 


increasing the acidity of the enzyme 
solution. Calcium ions have no_pro- 
tective effect on the inactivation of 
trypsin caused by electrons, although 
under normal conditions, these ions 
stabilize the enzyme. It was concluded 
from this study that an increased sta- 
bility of trypsin under normal condi- 
tions has no correlation with the effects 
of ionizing radiation on the enzyme. 
Much systematic work has been done 
in an atte mpt to find and isolate inhibi- 


tors of trypsin*-* 9,16-18,25,27 


25,27,33,37,38,43,58,61, 
152 


157,159,163 These emphasize the 
importance of oxidation-reduction in 
the control of the activity of trypsin. 
Reducing agents, including several 
biologically active thio-sulfhydryl com- 
pounds (cysteine, sodium thioglycol- 
late, H-S glutathione, hydrogen sul- 
fide), ascorbic acid and sodium cyan- 
ide, are known to antagonize strongly 
the activity of trypsin. For each reduc- 
tant the degre e of inhibition is propor- 
tional to the reducing capacity of the 
medium. The inactivation of trypsin by 
thiols is marked by the appearance of 
sulfhydryl'**. The activity of trypsin 
is also suppre ssed to a variable degree 
by the following substances: serum, 
pl: isma, several heavy metals, and dyes, 
unsaturated fatty acids, he parin, leci 
thin, quinine and urea salts, glycerol 
and triglycerides, and some alkaloids. 
Trypsin inhibitor from egg white and 
tryptic digests of proteins also exert a 
strong inhibitory influence. 

Rothen'** found that trypsin inacti- 
vates multilayers of bovine albumin de- 
posited on a slide through intervening 
“blankets” of barium stearate. The 
thickness of the blanket necessary to 
prevent enzyme action was dependent 
upon the number and mode of depo- 
sition of the underlying layers of bovine 
albumin. Hanig, quoted by Neurath 
and Schwert!**, demonstrated that 
when solutions of trypsin and hemo- 
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globin are separated by thin collodion 
membranes which are impermeable to 
these substances, tyrosine is liberated 
from the hemoglobin. This enzymatic 
action can be prevented at a critical 
membrane thickness. It is difficult 
however, to reconcile enzymatic ac- 
tion at a distance with the kinetics and 
the very high substrate specificity ex- 
hibited by these enzymes. This high 
specificity postulates that the long- 
range forces arising at the enzyme sur- 
face are nondispersive in chi iracter. 
Several trypsin inhibitors have been 
isolated from biologic material in 
crystalline form. (1) Pancreatic ex- 
tracts contain a polypeptide of about 
6000 molecular weight which was 
crystallized by Kunitz and Northrop*’ 
and found to have specific inhibitory 
power against trypsin. The inhibitor 
reacts slowly with trypsin to form a 
compound containing one molecule 
each of trypsin and inhibitor; this 
compound dissociates in acid solution 
(pH 1.0) and is reformed on neutral- 
ization. (2) A trypsin inhibitor found 
- soy = ans was obtained as a crystal- 
line prote in by Kunitz®?. This substance 
is readily digested by trypsin when 
denatured. The native protein has a 
molecular weight of about 24,000 and 
in isoelectric point at pH 4.5. (3) 
Tauber and coworkers'*:"54 described 
the isolation from crude lima bean of 
| crystalline inhibitor. The property of 
being a heat-stable globulin helps to 
lifferentiate it from the soybean inhib- 
tor of Kunitz. (4) In 1951, Laskow- 
ki'?'.1°2 reported the crystallization of 
stoichiometric trypsin inhibitor from 
vovine colostrum. This crystalline in- 
bitor, when compared to the trypsin 
hibitor of Kunitz-Northrop, revealed 
veral similar properties. However, the 
olecular weight of this substance 
is found to be approximately 89,000, 
| »ssibly indicating the formation of a 
timer. The isoelectric point of the 


pancreatic inhibitor is 8.7, but that of 
the colostrum inhibitor is 4.2. It is acti- 
vated by 2.3 gamma of trypsin. 

Noncrystalline antitryptic factors 
from egg white and various legume 
seeds (jack bean, lentil, velvet bean, 
horse bean and black eyed pea) have 
been extensively par- 
ticularly with reference to the effect 
of these substances on nutrition. The 
presence of these inhibitors can inter- 
fere with the digestion within the hu- 
man gastrointestinal tract of these re- 
spective foods. No correlation has been 
established between the effects of auto- 
claving on the trypsin inhibitor and 
hence on th ‘tive values. The exact 
mechanisy —_ ich these inactivate 
the pancreatic juice is not yet clearly 
understood. 

Mild oxidants moderately increase 
the activity of trypsin, whereas those 
in high concentrations may inhibit its 
action completely. Other substances in- 
cluding Fe ++, Ca++, Mg++, and Ag ++ 
have be en found to influence favorably 
the activity of trypsin. 

Determination of Trypsin Activity. 
The need for analytic methods for ac- 
curate quantitative determinations of 
the changes in the protease titer of 
body fluids associated with various 
physiologic and pathologic states has 
been realized by all investigators. Dur- 
ing the last decade, clinicians as well 
as research men have striven to find 
more specific techniques or to modify 
those used in the past!.23.24,35,50,56,57 59, 
65 ,.68,85,86,119,121,137,142 143,145 

The desire to obtain substrates as 
homogenous as possible, to maintain 
constant the buffer capacity of the me- 
diums during the enzyme-catalyzed 
hydrolysis, and to secure precision in 
the end-point readings, are responsible 
for the wide variety of techniques 
suggested. 

To Northrop'®® goes the credit for 
the introduction of a valuable quantita- 
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tive method designed to measure hy- 
drolysis rates of specific substrates by 
prote olytic enzymes The conce ntration 
of the enzyme is Acemed proportional 
to its activity expressed in arbitrary 


units. The number of units per gram 
of the enzyme is a measure of the 
purity of the preparation. Northrop 


studied the proteolytic action of trypsin 
on casein. The results were expressed 
in terms of milligrams of tyrosine liber- 
ated from casein substrate. This tech- 
nique was adopted by Anson and 
Mirsky with he moglobin. as a substrate? 
and was adapted to the Evelyn color- 
imeter by Kohn and associates**. The 
tryptic activity was expressed for con- 
venience in units, that is, milligrams of 
tyrosine liberated times 1000. In 1943, 
Riggs and Stadie’ described a photo- 
electric method for the determination 
of pe psin in the gastric juice. The ac- 
tivity of the prote inase on the egg 
white substrate was measured by a de- 
crease in the turbidity of the mixture. 
However samples containing more than 
traces of coloring matter such as bile 

blood interfered with the reading 
of the end-point. Without sacrificing 
the main advantages of this procedure 
Friedman used a suspension of coagu- 
lated egg as a substrate for the deter- 
mination of trypsin activity. The final 
dilution of this suspension contained 
1 mg. of nitrogen per cc. The end point 
was determined by the opacity of the 
mixture against ruled black lines. Dur- 
ing the same period, Ferguson®* and 
Miillertz'*! described a fibrinogenolytic 
method for measuring blood proteases 
and protease inhibitors. 

In 1949, Waldvogel'®* devised a 
special colorimetric method in which a 
soluble chromophoric protein substrate, 
sulfanilamide azocasein, is employed. 
The increase in color in a trichloracetic 
acid filtrate of the digestion mixture 
is a function of enzyme activity. The 
enzymatic hydrolysis satisfies the con- 
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reaction 
and permits activity to be expressed in 
terms of the veloc ity constant. A defi- 
nite advantage of ‘this over 
many in which suspensions of insoluble 
substrates are employed is that the 
digestion is not influenced by particle 
size. 

A potentiometric formaldehyde titra- 
tion has been recently proposed by 


dition for a monomolecular 


Iselin and Niemann as quoted by 
Neurath et al.'**. Their buffer, 
valent tris aminome- 
thane hydrochloride buffer (pH=8.1), 
is distinguished by an excellent buffer 
capacity within the pH range of enzy- 
matic trypsin, and 
does not participate in the reaction be 
tween chymotrypsin nicotinyl-L- 

tryptophanamide. A_ similar technique 
based upon the use of primary 
amine buffer system and ; 
potentiometric formol titration 
been Wirts cowork- 
165 In order to obtain accurate re 


a mono- 


measurement of 


secondary 
devised by and 
ers 
sults, the end-point of the titration must 
be determined coincidentally with the 
extent of hydrolysis. 

In 1953. Gowenlock** described a 
rapid and reproducible method for the 
estimation of tryptic activity in 
denal contents. 
of Anson's 


duo 
This is an adapt ition 
and Mirsky’s method. A 
feature is the provision for a substrate 
of denatured protein 
which gives accurate end-point reading 
even in the presence of contaminants 

Lately, an increasing number of 
vestigators have devoted their atten 
tion to a more simple and clinically 
applicable analysis based on the diges 
tion of gelatin, in tubes or on photo 
graphic film. Because of its current 
widespread popularity this approach i: 
described at length in another sectio1 
of this report. 

For details of the procedures used in 
the quantitative analysis of proteins 
peptides and amino acids, the reade: 
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is referred to the excellent presenta- 
tions of Neurath and Schwert!”*, 
Martin and Synge'", Bamann and 
Myrbiack!?, ‘and Popper and 
Necheles.!*°. 

Physiology. Each proteolytic enzy- 
matic activity within the body oper- 
ates as a complex system, as well ex- 
emplified by pancreatic trypsin. The 
first light thrown on the whole question 
came from the discovery that pancre- 
atic juice collected without contact 
with the intestine does not digest pro- 
tein. Early workers in Pavlov’s labora- 
tory!®> found an inert pi ancreatic factor, 
termed trypsinogen, which could be 
endowed with proteolytic activity by 
the addition of an extract of intestinal 
mucosa. The activating substance was 
called enterokinase. Guillaumie™ noted 
that the rate of activation of trypsino- 
gen was proportional to the amount of 
enterokinase added, supporting the 
view that the pancreatic proteolytic 
action was enzymatic in nature. 
Finally, the isolation in crystalline form 
of trypsinogen and of two other 
pancreatic proteases, chymotry psin- 
ogen (1935) and procarboxy pe ptid: ise 

1935), brought a clearer understand- 
ing. The long standing theory of 
Waldschmidt-Leitz, who regarded the 
activation of trypsinogen as_stoichio- 
metric combination of trypsin and 
enterokinase, was disproved. Conver- 
sion of the three precursors of pan- 
creatic proteases: trypsinogen, chymo- 
tiypsinogen and _procarboxypeptidase 
can be activated by trypsin. The cpn- 
version of trypsinogen to trypsin has 
been clearly demonstrated to be 
catalytic, since the identical crystalline 
trypsin may be isolated whether the 
trypsinogen activation is secured by 
the influence of enterokinase, by small 
aiiounts of added trypsin®, or by a 
mold kinase (Penicillium kinase )%. 

‘rystallized trypsinogen if dissolved 

i neutral solution, forms some trypsin 


immediately. This trace of trypsin then 
catalyzes the change further, result- 
ing in an autocatalytic conversion. On 
the other hand, amorphous prepara- 
tions of trypsinogen may contain 
trypsin inhibitor compounds which pre- 
vent its change to the active form. 
Activation is then rendered possible 
only by the addition of enterokinase. 
More recent studies to define further 
certain factors involved in the forma- 
tion of trypsin, have shown that the 
autocatalytic conversion of trypsin 
from trypsinogen is markedly influ- 
enced by inorganic ions, being greatly 
accelerated by calcium or other alka- 
line earth salts. The rate of this auto- 
catalytic process is maximal at pH 7 
to 8 but the reaction is affected by the 
appearance of inert protein. 

The enterokinase of the intestine, 
purified by Kunitz**, has not yet been 
isolated in crystalline form. Its opti- 
mal enzymatic activity occurs at 
hydrogen ion concentrations ranging 
from pH 6 to 9. From _ extensive 
kinetic studies carried by Kunitz®, the 
nature of the catalytic action of trypsin 
could be deduced more accurately. 

Some Stimulants and Depressants of 
Pancreatic Proteolytic Function. The 
inhibiting effect of distention of the 
stomach on the secretory function of 
the pancreas was investigated by Biz- 
ard and Boulet'®. These authors secured 
evidence suggesting that a diminution 
or even a complete inhibition of pan- 
creatic secretion was called forth by 
the physical effect of distention. The 
possibility that this inhibition is medi- 
ated through the splanchnic nerves has 
been proposed. Favoring such a view 
is the marked similarity of this re- 
sponse to that of the biliary secretion 
under the same stimulation. 

Chardon and Gross?® found that an 
atmosphere poor in oxygen will re- 
duce the volume of pancreatic secre- 
tion without alteration of its composi- 


, 
| | 
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tion in anesthetized dogs receiving 
continuous intravenous injection of 
secretin. Pancreatic function returns to 
normal soon after supplying a proper 
concentration of oxygen. These inves- 
tigators did not establish the critical 
level of oxygen saturation at which 
these changes take place. 

The question may be raised whether 
cyanosis at birth or the presence of 
swallowed air in the stomach are of 
physiologic significance in inhibiting 
pancreatic activity at certain times in 
the early months of life. 

It is of clinical interest that morphine 
acts indirectly as a depressant of the 
external secretion of the pancreas'”’, 
There is some indication of pancreatic 
stasis as reflected by a simultaneous 
rise of the pancreatic enzymes in the 
serum owing pi artly to contraction of 
the sphincter of Oddi. The production 
of the pancreatic amylase and trypsin 
is markedly decreased, several times as 
much as the de ‘pression in amount of 
bicarbonate. There is a _ sustained 
search for more selective agents 
capable of stimulating the secretory 
functions of the pancreas. 

It is generally believed that the for- 
mation ‘and flow of pancreatic secre- 
tions is under hormonal and nervous 
control. As a rule pancreatic response 
to a hormonal stimulant gives a copious 
flow of pancreatic juice with a poor 
enzymatic content. Conversely, the 
nervous stimulation mediated mainly 
through the vagal fibers is thick, 
scanty and rich in enzymes. 

Secretin originating in the duo- 
denum and upper jejunum, and 
pancreozyme obtained from extracts of 
duodenal mucosa, are responsible for 
the hormonal control. Both of these 
physiologic agents have been used as 
stimulants to evoke a good flow of 
pancreatic secretions during duodenal 
intubation for diagnostic tests’, 
The presence of secretin in the gastro- 


intestinal tract of premature and new- 
born infants has been demonstrated 
by Baggenstoss and coworkers'®. Com- 
bined tissue extracts of several post- 
mortem specimens had to be used in 
order to obtain demonstrable quanti- 
ties of this hormone. Apparently 
“secretin is present in the neonatal 
period but the amounts are probably 
so small that they are lost during the 
process of extraction when individual 
extracts are used’ No studies have 
vet been reported on the pancreozyme 
) premature and newborn infants. 
“E rom the observations of Greengard 
and his coworkers“’:"", it is reasonable 
to conceive the mechanism of certain 


so-called sympathomimetic agents as 
being dissociated in their influence 
from the autonomic nervous system. 
Presumptive evidence is given by the 
enzyme-poor secretion elicited by a 
sympathomimetic drug, epinine. There 
is similarity between the end- 
product of this stimulant and that of 
secretin. If we accept that secretin 
stimulation is essentially unaffected by 
atropine which paralyzes vagal endings, 
and that it is abolished by ergotamine 
which paralyzes sympathe tic fibers, we 
are apt to conclude that secretin and 
epinine behave as though they have 
an autonomous action unrelated to the 
nervous system. 

The effect of vagal stimulation on 
pancreatic secretion has also been re- 
investigated by these 
Their findings allow general interpreta- 
tions of interest. It appears that sodium 
nitrite, whose effect is mainly attribut- 
able to its action on the vascular bed, 
induces enzyme-rich secretion 
similar to the one obtained with pilo- 
carpine and prostigmine, acting 
through the vagus nerves. The same 
extensive response attained with so- 
dium nitrite and parasympathomimet ‘ 
drugs suggests that vagus excitation ov- 
curs partly through vasodilatation. An 
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increase in size of the pancreas at the 
time of vagus stimulation lends addi- 
tional support to this view. 

The relationship between pH _ of 
duodenal content and __ pancreatic 
secretions received the attention of 
Bayliss and Starling’? as early as 1902. 
That the pancreas was responsive to 
acid introduced in the intestine was 
demonstrated by these workers. These 
experiments were critically appraised 
by Crider and Thomas*! who found 
that acid as a stimulant for pancreatic 
secretion was effective when the pH 
was 4; a more copious flow was record- 
ed when the pH was reduced to 3 or 
less. It is evident from the data sub- 
mitted by the same investigators that 
two or more stimuli must be active at 
any time to promote an authentic pan- 
creatic response. Corroborative evi- 
dence for this theory is given by the 
observation that the efficacy of pan- 
creatic response is decreased when acid 
is introduced in the intestine after 
section of the vagus nerve. 

The Phenomenon of Adaptation. In 
1940, Dubos*! showed that certain 
bacterial strains will develop the ca- 
pacity to elaborate specific enzymes in 
response to predominance of a given 
substrate in the diet. A striking paral- 
lclism exists between this phenomenon 
in bacterial organisms and the adapta- 
tion of the pancreas to dietary composi- 
tion. When rats are maintained for 
three weeks on a constant diet, an 

daptation of the composition of the 
chief pancreatic enzymes to the pre- 

minant constituent of the diet is 
ited’. Thus a high carbohydrate diet 
icits a pronounced increase’ in 
nylase output together with a de- 
crease in trypsin. A high protein diet 
sults in greatly increased trypsin 
tput and a less extensive increase in 
ase. On a high fat diet with a normal 
ntent of protein there are essentially 
0) alterations in lipase or trypsin. A 


diet which is high in fat and low in pro- 
tein causes a repression of all pancre- 
atic enzyme formation, but addition 
of 1% choline to such a diet increases 
uniformly the content of all enzymes. 
These results are strictly reproducible 
only when these changes in the diet 
are prolonged. 

To what extent this adaptation phe- 
nomenon is regulated by a humoral 
mechanism or by a reflex action was 
the next question to be answered. A 
working hypothesis was advanced by 
Grossman and his coworkers™ which 
postulated that “the substitution of the 
hydrolyzed form of a foodstuff for the 
unhydrolyzed form will determine 
whether the presence of the undigested 
foodstuff in the gut is necessary for 
the elicitation of the characteristic pan- 
creatic enzyme response.” In the case 
of starch, the product of its enzymatic 
digestion, dextrose, is capable of excit- 
ing an increase in amylase. Conversely, 
casein hydrolysate does not induce an 
adjustment of the trypsin content such 
as is noted with casein. The authors 
postulate a nervous reflex factor in the 
case of trypsin regulation, and a 
humoral factor operating for amylase. 
Evidence is also presented which de- 
nies the intervention of pancreozyme, 
an extract of the small intestine which 
stimulates the secretion of digestive 
enzymes, influencing the volume rate 
of the pancreatic juice™®, in this type 
of adaptation’. Reactions initiated by 
pancreozyme are instances of imme- 
diate alteration in enzymatic composi- 
tion of secretion, whereas the adapta- 
tion to diet in rats requires a prolonged 
period*. It is still necessary to explain 
how mechanisms known to increase 
pancreatic enzyme secretion cause a 
simultaneous alteration in all the chief 
enzymes, whereas adaptation to diet 
involves a selective increase in the en- 
zyme acting on one _ predominant 
constituent of the diet. 
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Extent of Proteolytic Digestion. The 
proteolytic action of trypsin is different 
from that of pepsin in being carried 
on in an alkaline medium at pH 8. 
The preparatory dige ‘stion of protein 
by gastric pepsin is favorable to subse- 
quent pancreatic tryptic activity. 
Though under physiologic conditions 
t ‘ypsin commences its action after the 
gastric juice has acted upon the dietary 
protein, it can also attack native pro- 
tein such as meat or milk introduced 
directly into the duodenum. The final 
breakdown of hydrolyzed protein is 
assumed to be carried out by the 
succus entericus. 

Crude trypsin has a weak milk- 
coagulating power before digestion 
occurs, provided the milk is not too 
slow in Chymotrypsin 
has a phones, curdling action upon 
milk. Reference has already been made 
to the isolation of a crystalline fraction 
from lima beans exhibiting a powerful 
trypsin inhibitory action'®*. This prop- 
erty was investigate od on a few protein- 
ases known to clot milk4. The milk 
clotting power of pepsin or cathepsin 
was not inhibited whereas it was 
moderately so when chymotrypsin was 
the active agent, and most marked 
when trypsin was assayed. 

The specific action of trypsin is to 
attack the proteose and peptone frag- 
ments of the protein molecule and 
break them into smaller units com- 
monly termed peptides. In the earlier 
stages of tryptic digestion the amino 
groups are for the most part relatively 
large and are known as polypeptides. 
These are later split into groups con- 
taining 2, 3 or 4 amino acids, constitut- 
ing the dipeptides, tripeptides and 


tetrapeptides. In the last stage of 
tryptic digestion free amino acids are 
released. 

We have already referred to the 
specificity of trypsin activity in another 
section of this paper. We will now 


consider some of the biochemical mech- 
anisms involved in the successive 
cleavage of proteins during the diges- 
tive process. The proteins and peptones 
are, without exception, subjected to an 
additional cleavage by pancreatic pro- 
teinases after a preceding exposure to 
gastric pepsin and hydrochloric acid® 
Pancreatic proteinases break down 
casein to a greater extent than does 
pepsin-HC] alone. 

According to modern concepts the 
peptide link: ige -CH.-CO-NH- is the 
predominant bond in the protein mole- 
cule. Fodor and his collaborators** 
have shown that partial cleavage by a 
pepsin-HC1 mixture se ‘lectively breaks 
down pepsin- spe cific linkages. Further 
adding of pepsin and prolonging the 
time of digestion in the stomach might 
succeed in breaking down all these 
complexes. But since the time factor 
is brief!**, those linkages which are 
split by pepsin-HC]1 with difficulty but 
by pi ancreatic enzymes with ease are 
attacked by the latter enzyme. 

As_ dige »stion proceeds, ultimately 
the pe ptonic mixture contained in the 
substrate yields tetrapeptides. These 
usually 1 resist further splitting by pro- 
teinases but undergo cleavage by 
polypeptidases. When digestion has 
resulted in dipeptides, trypsin again 
attacks certain dipeptides. These con- 
sist of arginine and _ lysine com- 
pounds'**, The following dipeptides 
have been shown refractory to hydrol- 
ysis by trypsin'**; dl-leucyl-l-tyrosine, 
le ucylglycylglycine, chloroacetyl-l-leu- 
cine, gly cyl glycine, glycylaspartic acid 
and chloro: cetyl- l-tyrosine. 

Because of the important role of 
casein in the infant’s and child’s diet 
it becomes pertinent to add a few 
words on the digestion of casein by 
trypsin. This enzyme appears to digest 
casein so rapidly that coagulation is 
only apparent when low concentra- 
tions of the casein substrate are used o1 
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when the reaction of the medium is so 
acid that proteolysis is necessarily 
slowed down. In vitro studies of one- 
hour digests of casein by crystalline 
trypsin** indicate that three fractions 
of increasing solubilities in water can 
be isolated. One fraction contains the 
greatest amount of cystine. Another 
fraction includes the highest concen- 
trations of phosphorus, serine and 
threonine. A third fraction contains 
most of the free amino acids. Approxi- 
mately half of the casein is converted 
during this time to a peptone-like sub- 
stance. It is estimated that 80% of the 
cystine is liberated from casein digest- 
ed with trypsin at pH 8 to 9**. 

To summarize some of the evidence 
gained by these studies, it appears that 
the enzymatic activity of pepsin and 
trypsin have some additive effects indi- 
cating that their individual action is 
dependent upon the configuration of 
amino acids adjacent to the peptide 
bonds. Pepsin has no known proteolytic 
property on synthetic polypeptides and 
hydrolyses only a negligible portion of 
native proteins to the stage of free 
amino acids. This implies that under 
physiologic conditions pepsin produces 
mainly a change in the colloidal ag- 
gregation of the protein in the direc- 
tion of coagulation, whereas trypsin 
splits the molecular structure. 

Growth Inhibitors. The problem of 
iscertaining minimum dietary protein 
requirements in humans has _ been 
omplicated by the discovery of a nu- 
rition inhibitor factor in soy beans by 
Ham and his collaborators’. These 
vorkers attempted to correlate their 

ndings with the time-honored obser- 
ation that heat treatment of soy bean 
nproves its nutritive value. Accord- 
igly the war of investigations was 
nlarged and a systematic search of 
ie biologic ales of soy beans, legume 
eds, lima beans and egg white fed 
) animals under various conditions of 
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processing was initiated. In all these 
studies, attempts were made to corre- 
late the action of antitrypsins with 
that of nutrition inhibiting activity. 
three main approaches have been 
proposed to investigate this relation- 
ship. 1) The inactivation of antitrypsin 
by heat or the use of a competitive 
system where trypsin and antitrypsin 
are mixed in various proportions. 2) 
The addition of essential amino acids 
such as methionine to diets containing 
soy bean inhibitors. 3) The use of pre- 
digested diets providing a proteolyzed 
form of proteins, thus by-passing the 
factor of trypsin proteolysis. Here one 
is grateful for the careful studies of 
Liener and his coworkers'® who re- 
viewed the more significant contribu- 
tions on this topic. 

Preliminary observations that sup- 
plementing a soy bean protein diet 
with methionine increased its biologic 
effectiveness were substantiated by 
Melnik and his associates'®. They at- 
tributed the impairment in utilizing 
protein derived from raw or improperly 
heated processed meals to an inhibition 
of the rate of methionine liberation 
rather than to a reduced degree of 
methionine availability. Further studies 
in the same line have shown that the 
slow rate of release of methionine was 
an inadequate explanation for the poor 
nutritive value of raw soy bean*®:15%, 

An interesting collection of data by 
Bowman?"?!, Ham7™* and Kunitz®® cor- 
related depressed nutrition with the 

resence of one or more antitryptic 
en in unheated soy bean meal. The 
deleterious effect of this soy bean 
trypsin inhibitor on the growth of ex- 
perimental animals was confirmed 
Almquist?, 


repeatedly by Ham", 
Borchers’® and others. 
Liener and his coworkers! con- 
ducted extensive studies in an attempt 
to re-evaluate the effect of supplemen- 
tary methionine on various diets con- 
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taining trypsin inhibitor. These authors 
postulated a two-fold mode of action 
regarding trypsin inhibitor prepara- 
tions. “One which results in an impair- 
ment of the availability of methionine 
for growth ‘as a consequence of its 
antiproteolytic activity and the other 
having an effect unrelated to the inhi- 
bition of proteolysis. The former can 
be demonstrated if the source of 
ingested nitrogen is an intact protein 
critically deficient in methionine. The 
latter effect is independent of the na- 
ture and quality of ingested nitrogen”. 

Desikachar**® and Westfal'®? found 
that antitryptic preparations of raw 
soy beans have a growth de _ 

sing effect even when incorpor: ated i 
diets containing papain-digested or 
otherwise well hydrolyzed proteins. 
They concluded that the trypsin inhib- 
itor is not the factor responsible for 
the poor growth and _ utilization of 
intact protein, since the inhibitor of 
tryptic digestion affects unaltered 
dietary proteins only. 

The isolation or purification of new 
trypsin inhibitors renewed the interest 
in the subject of animal growth inhibi- 
tors. In 1949, it was shown that a diet 
supplemented with crude lima beans 
displayed considerable growth inhibit- 
ing properties'®*. The trypsin inhibitor 
in egg white was prepared in purified 
form by Lineweaver and his associ- 
ates'°® and assayed for its growth in- 
hibiting activity by Klose®’. Negative 
results were recorded with purified 
trypsin inhibitor from egg white, even 
when casein was used as a basic diet 
to eliminate the possibility of other 
protein constituents in raw egg white 
counteracting growth inhibiting activ- 
ity. When seeds of 11 species of 
legumes were fed raw and autoclaved 
at a 12% level of dietary protein al- 
lowance, no discrepancy in nutritive 
value was observed!*. Klose® came to 
the conclusion that since all growth 


inhibiting properties are derived from 
beans, the possibility remains that 
some trypsin inhibitors have growth- 
inhibiting activity for some reason 
other than inhibition of proteolysis. 

In 1946, Kunitz*® observed that 
crystalline soy bean antitrypsin and 
crysti illine trypsin combine in definite 
proportions in vitro. Corroborative 
evidence for this finding was given by 
Almquist et al.* who studied the re- 
lation between the quantity of soy 
bean antitrypsin in the diet on growth 
rate of the chick. Growth inhibition is 
attained when the basic diet supplies 
raw soy bean at levels, not exceeding 
5% of total dietary proteins, after 
which a plateau is reached. The auth- 
ors assumed that the basic mechanism 
in this experiment was closely allied 
with a process of quantit itive and 
specific interaction between the anti- 
trypsin and the trypsin available in the 
chick. 

In 1951, a new approach'® based on 
the same principle of interaction of 
trypsin and antitrypsin has led to the 
important discove ry that 5 parts of 
crude trypsin to 25 parts of raw SOV 
bean will counteract the growth in- 
hibiting effect of raw soy bean. Auto- 
claving this mixture for a prolonged 
period destroyed antitryptic activity but 
not growth- inhibiting activity. Further 
evidence offering support to these ob- 
servations is suggested by the fact that 
no other untoward effects other than 
depressed growth have been reported 
as a result of feeding raw soy bean. 
Further inquiries along these lines 
should be profitable and might lead 
to some unsuspected clinical applica- 
tion in the field of pediatrics. 

An interesting aspect of the role of 
tryptic activity in conditioning intes- 
tinal prote -olysis has been infe cred by 
Montgomery and his collabor: ators!!7, 
Fatty liver ‘develops in insulin-treated 
depancreatized dogs. It can be prevent- 
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ed if these dogs are fed extra choline 
or extra methionine in free form. How- 
ever lean meat or casein supplying 
adequate amount of bound choline and 
methionine fail to prevent fatty liver 
in these dogs. But when trypsin is 
added to such a diet, proteins are 
made available for lipotropic purposes, 
thus protecting the histochemical struc- 
ture of the liver. In this sense, it is 
conceivable that trypsin indirectly 
possesses a lipocaic function and can 
be regarded as an _anti-fatty liver 
factor!!*, 

Pharmacology of Trypsin Given 
Parenterally. This discussion embraces 
the knowledge of the biologic proper- 
ties of trypsin beyond its role in diges- 
tive processes. Although the observa- 
tions and conclusions “presented here 
are derived from the views of many 
investigators, no attempt will be made 
to establish the antecedents of each 
viewpoint, but rather to bring more 
recent approaches to the appraisal of 
the reader. 

Reactions of Tissues. A  pharma- 
cologic principle termed bradykinin*®* 
is released coincidentally by trypsin, 
snake venom and_ kallikrein (see 
below). One might inquire into the 
mechanism of production and nature 
of this substance. When crystalline 
trypsin is incubated with the globulin 
fraction obtained by precipitation of 
plasma, a smooth-muscle stimulating 
substance of low molecular weight is 
released. In a_ similar way, when 
mammalian serum is mixed with cer- 
ain snake poisons a substance is’ pro- 
luced from the same globulin fraction 
vhich is able: to cause constriction of 
‘he smooth muscle’. Furthermore, a 
hermolabile principle obtained by 

‘erman workers!® from pancreas and 

so from urine, termed kallikrein, lib- 

rates a substance resembling brady- 
inin when incubated with plasma or 
rum, but is without any releasing 


potency when acting on purified 
globulin. 

The separate nature of trypsin and 
kallikrein is indicated by the finding 
that the soy bean trypsin inhibitor 
completely stops this pharmacologic 
property of trypsin but has no effect 
on kallikrein'***, This releasing prop- 
erty is not a common attribute of pro- 
teolytic enzymes, however, since 
chymotrypsin is incapable of liberating 
bradykinin from its precursor brady- 
kinogen 

To complicate the problem, it ap- 
pears that under certain circumstances 
trypsin alone has an action similar to 
that of kallikrein. The introduction of 
trypsin into the saline bath in which a 
strip of muscular tissue is suspended 
provokes a marked contraction. Inhibi- 
tion is attained by the addition of 
arginine or histidine to the bath**. 
However, repeated exposure to 
trypsin results in an apparent desen- 
sitization phenomenon associated with 
the disappearance of the myofibril con- 
t-actioris. This last finding suggests 
that the basic mechanisms of parenteral 
tryptic activity may be closely allied 
with those of some anaphylactic pro- 
cesses. That this working hypothesis 
is not unreasonable is suggested by « 

variety of observations which may be 
summarized briefly as follows: 1 )hista- 
mine is released when smooth muscle 
is perfused with trypsin solution’®. 
2) Intracutaneous injection of trypsin 
in heparinized rabbits is associated 
with a transit of histamine from cells 
to plasma**. 3) The intracutaneous in- 
jection of a small amount of trypsin 
leads to the localization of trypan blue 
at the injected site when the latter is 
injected intravenously. With increased 
amounts of trypsin, a local necrosis 
comparable to that of the Arthus phe- 
nomenon is produced**. 4) Subcutan- 
eous injections fail to produce any 
visible or palpable tissue alterations if 
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crude or crystalline trypsin is first in- 
activated by heat or crystalline bovine 
serum albumin'®, 5) Local necrosis 
produced by subcutaneous injection of 
trypsin is inversely proportional to the 
antiproteolytic activity of the serum®®. 
An attempt to correlate further ana- 
phylaxis and the pharmacologic effects 
of parenteral trypsin will be presented 
when _revie wing tryptic activ ity on 
blood pressure and blood coagul: ition. 

Reactions of Blood Pressure and 
Coagulation Mechanisms. One would 
expect enzymatic inactivation of pep- 
sin injected intravenously because the 
pH of the blood is not favorable to its 
action. Trypsin, however, evokes a 
diversity of dramatic changes when 
injected intravenously. The two most 
prominent features are a) a hypoten- 
sive action and b) a _ simultaneous 
change in the blood coagulation sys- 
tem. Both effects are reflected as a state 
of shock. 

If the trypsin is introduced rapidly 
in experimental animals, there occurs 
within 15 to 25 seconds a fall in sys- 
temic blood pressure with little or no 
change in the pulmonary artery pres- 
sure’®’. There is congestion of the liver 
and viscera with rise in the portal vein 
pressure. Blood pressure returns to 
normal within 6 to 16 minutes while a 
shock-like state persists during the 
same length of time. If however, the 
trypsin is injected slowly, these effects 
are inhibited by the natural antitryptic 
properties of the serum**. 

Curiously enough, bradykinin initi- 
ates a fall in blood pressure similar to 
that caused by trypsin. Rocha e 
Silva!**4 demonstrated that the hypo- 
tension resulting from bradykinin is 
long-acting, whereas that of trypsin is 
sudden and short-acting. He inferred 
that in tryptic shock the initial fall in 
blood pressure is due to trypsin. After 
a few minutes there is a slight increase 
in the blood pressure followed by 


more sustained fall lasting 10 to 15 
minutes and due to bradykinin. 

Biochemical analysis of the pharma- 
cclogic action of try psin in shock dem- 
onstrates that free amino o r phenolic 
groups do not appear to ahoct the 
hypotensive activity of trypsin**. Char- 
acteristically, free tryptophane partici- 
pates in this phenomenon. lodination 
serves to decrease greatly the hypoten- 
sive influence of intravenously admin- 
istered trypsin with a minimum of al- 
teration of its proteolytic activity. 

The changes in blood coagulation 
mechanism present a paradoxical pic- 
ture. If one assumes that trypsin acts 
as a catalytic agent in the conversion 
of profibrinoly sin to fibrinolysin ( fibrin- 
olysokinase )** and in the activ: va of 
prothrombin to thrombin (thrombo- 
kinase )*', an antagonism between 
coagulation and anticoagulation would 
be expected. From experimental data 
gathered by two groups of workers, 
it appears that both effects can occur 
vith results depending on the rate of 
infusion of crystalline trypsin, the en- 
zymatic concentration and the total 
dose. 

If a small dose of crystalline trypsin 
is introduced rapidly into the veins, a 
massive macroscopic intravenous coag- 
ulation is described in the majority of 
Coincident with these 
macroscopic changes, there is a pro- 
longation of the clotting time and an 
increase of the prothrombin § time*’. 
Furthermore, the histamine content of 
the blood is raised to a point propor- 
tional to a decreased histamine con- 
tent of the liver. 

We are indebted to Innerfield and 
his colleagues*®*!:*? for their carefully 
controlle di re-evaluation of the effect of 
intravenously administered _ try psin 
upon the prote in components of the 
coagulation mechanism. When larg 
doses of a solution of crystalline tryp 


sin are infused at a rate of 35 to 40 
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drops a minute, a point is reached be- 
yond which all clotting proteins are 
proteolyze ‘d. This is characterized by 
depressed levels of prothrombin, ac- 
globulin, fibrinogen,  antifibrinolysin 
and antithrombin. These workers em- 
phasize that shock and _ intravascular 
coagulation do not appear by their 
method. They suggest that this anti- 
coagulant effect does not nece ssarily 
prove a direct trypsin-fibrin substrate 
interaction but more probably an acti- 
vation of the fibrinolytic system. An 
important observation was that intra- 
venous trypsin had a lytic effect on 
experimentally induced thrombin in 
the femoral vein of dogs. 

In vitro, it is de monstrated that in 
appropriate amounts trypsin digests 
fibrin and fibrinogen, thrombin and 
prothrombin***®, Both crude and 
crystalline trypsin are shown to clot 
oxalated plasma, more so when poten- 
tiated by calcium ions®*-**. These latter 
observations are supported by the evi- 
dence that trypsin inhibitor “from soy 
bean retards the coagulation of normal 
blood, recalcified plasma and recalci- 
fied plasma to which an excess of 
thromboplastin (thrombokinase) is 
added**:*', The soy bean inhibits the 
coagulating activity of crystalline 
trypsin on oxalated pli isma. It does not 
exert antithrombic action as evi- 
lenced by failure to interfere with the 
oagulating property of thrombin on 
xalated plasma or purified fibrinogen. 

At this point it is appropriate to re- 
iew our present knowledge on the al- 
erations of the coagulability of the 
lood, with special reference to ana- 
hylactic shock derived from the intra- 
enous injection of peptone, thrombin 
1ock caused by intravenous adminis- 

ation of thrombin, and trypsin shock 

iscussed above», 
pes of shock the hypotension and 
illapse syndrome appear to be identi- 
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cal. In all the clotting time is pro- 
longed. 

When peptone is injected intraven- 
ously into sensitized animals a series 
of highly significant reactions occur 
after a few seconds®. There is a 
period of increased coagulability of 
the blood followed by incoagulability; 
histamine and heparin are released, 
and there is markedly prolonged clot- 
ting time of the recalcified plasma. Al- 
though the true anaphylactic phenom- 
enon involves the interaction of anti- 
gens and antibodies, an anaphylactic- 
like reaction can also be produced with- 
out the participation of an antigen- 
antibody reaction. 

A conspicuous discrepancy between 
anaphylactic and trypsin shocks is the 
release of heparin in the former mech- 
anism, without any changes in the pro- 
thrombin time and fibrinogen content 
of the blood. Furthermore, the pale 
non-collapsed lungs indicate that death 
is due to asphyxia resulting from bron- 
chostenosis. 

In shock produced by thrombin, the 
predominant changes consist of a de- 
creased content of fibrinogen and an 
increased prothrombin time in the 
plasma, reflected in a prolongation of 
the clotting time’®’. Intravascular coag- 
ulation becomes macroscopically de- 
monstrable. This is parallel to what 
occurs in trypsin shock. However, pre- 
liminary heparinization of experimental 
animals does not abolish the vasode- 
pressive action of trypsin, though it 
interferes with that of thrombin. This 
indicates that the vasodepressive action 
of thrombin is chiefly correlated with 
its clotting ability’®® wlile that of 
trypsin is related to some other mech- 
anism. Nevertheless heparinization in 
animals does exert some protective ac- 
tion against doses of trypsin that 
would otherwise be lethal. 

Action of Trypsin on Hemagglu- 
tinins in Vitro. It has long been known 
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that agglutination of erythrocytes in 
vitro is a standard method for detect- 
ing anti-red cell serum antibodies. The 
efiect of trypsin on hemagglutinating 
systems has been the object of much 
attention since the pioneer work of 
Morton and Pickles in 19471°°. Crystal- 
line trypsin solution added to a sus- 
pension of washed, heparinized red 
cells incubated for varying lengths of 
time alter these cells. The procedure 
has been found’”® to facilitate agglutin- 
ation of red cells sensitized with in- 
complete antibody and also to enhance 
the specific agelutination by other 
hemagglutinins. The incomplete anti- 
body, also termed univalent or soluble 
antibody, will not precipitate directly 
with the antigen unless certain adju- 
vants are present**. Nonprecipitating 
incomplete antibodies have been 
found in sensitization states to Rh and 
other minor blood group antigens, and 
in acquired hemolytic anemia due to 
autogenous antibodies. Trypsin-modi- 
fied red cells are more likely to give 
positive results with weakly reacting 
antibodies!°, 

Substantially higher titers have been 
observed with auto-antibodies of ac- 
quired hemolytic anemia which were 
detectable in low titer by the Coombs 
technique’™*. There may be 
slightly greater agglutinability of 
try psin-treated cells in anti-A, anti-B, 
anti-M and anti-N sera as compared to 
untreated cells'®*. Trypsin-modified 
cells show no increased ability to detect 
the currently known antibodies against 
the antigens Lewis, Lutheran and S?”°. 

The exact mechanism of action of 
trypsin on red cells is still obscure. 
Trypsinized cells absorb somewhat 
more antibody from serum than do 
normal cells and therefore, as test cells, 
are more sensitive in the detection of 
incomplete antibodies even with salt 
solution as a diluent'**. An adjunct to 
this property is the absence of prozone 


and the readability when trypsin- 
modified red cells are used. When ser- 
ial studies are performed on patients, 
alterations of titers are demonstrated 
with greater ease by the use of trypsin. 
The specificity rel: ited to the agelutina- 
tion with trypsin has been questioned 
by Rosenthal'®’ who described an ag- 
glutinin present in most normal sera 
capable of agglutinating trypsin-modi- 
fied erythrocytes. 

As evide need by the 
Ponder!2* human red cells treated with 
trypsin undergo certain changes of 
their physical properties. Their volume 
is slightly increased, their osmotic and 
mechanical fragilities are augmented 
and their electrophoretic mobility is 
reduced. 

Certain new properties 
characterize the trypsin-modified red 
cells. Crystalline antitrypsin added to 
cells after tryptic treatment does not 
alter their newly acquired properties. 
Immunization of rabbits with trypsin- 
modified red cells leads to the produc- 
tion of antibodies which are not com- 
pletely absorbable by untreated cells. 
It seems likely that this proteolytic en- 
zyme actus ally modifies the surface of 
red cells so as to rearrange the anti- 
genic moiety of the cell. 

Summary of Theoretical Data. Dur- 
ing the last decade, more standardized 
methods for determination of trypsin 
activity and the isolation of a number 
of trypsin inhibitors in crystalline form 
have contributed to a better under 
standing of some pharmacologic prop- 
erties of this proteolytic enzyme. Dur- 
ing the same period, considerable at- 
tention has been given to some basic 
problems which may have as yet un- 
recognized clinical significance in the 
field of pedis itrics: 

1) It is suspected from the pancre- 
atic secretory response to certain stim- 
ulants and depressants that anoxia of 
the newborn and distention of the 
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stomach during infancy might exert an 
inhibitory action on pancreatic function 
and trypsin output. 

2) It has been demonstrated that 
animals and infants maintained on a 
constant diet will develop a phenom- 
enon of self defense consisting in the 
adaptation of the composition of pan- 
creatic enzymes to the predominant 
constituents of the diet. A high pro- 
tein diet results in increased trypsin 
output and a less extensive but definite 
inc crease in lipase. 

The enzymi itic action of try psin 
is narrow, being specifically de ‘pendent 
upon the configuration of amino acids 
within the protein molecule. Casein is 
readily digested by trypsin, which 
explains its rather poor ability to coag- 
ulate milk. During the process of 
digestion under physiologic conditions 
of buffer and time factors, pepsin pro- 
duces mainly changes in the colloidal 
aggregation of the protein substrate, 


whereas trypsin splits the molecule 
structure down to the stage of poly- 
peptides and free amino acids. 

4) Certain growth inhibiting factors 
may play an important part in the 
child’s diet as evidenced by investiga- 
tions on antitryptic factors isolated 
from raw beans and other raw foods. 

5) Rapid intravenous injection of 
trypsin brings a sudden state of shock, 
a fall in the blood pressure analogous 
to anaphylactic shock, and immediate 
coagulation of the blood. If given by 
slow infusion, trypsin may affect the 
clotting mechanism in the direction of 
anticoagulation. 

6) Trypsin-treated erythrocytes us- 
ually absorb somewhat more antibody 
from serum and’ facilitate serologic 
tests for the incomplete antibodies 
found in erythroblastosis fetalis and 
acquired he molytic anemia due to 
auto antibodies. 
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THe Crpa COLLECTION OF MEDICAL ILLUus- 
TRATIONS. VOLUME 1: Nervous SysTEM. 
By Frank H. Netter, M.D. Pp. 143; 104 
ills. in full color. Summit, N. ].: Ciba Phar- 


maceutical Products, Inc., 1953. Price, 
$6.00. 
THE accuracy, attractiveness and educa- 


tional worth of Dr. Netter’s plates are well 
known to most physicians through previous 
distribution of several kinds. This volume 
provides (at cost) in book form a complete 
and organized compilation of his plates on 
the nervous system. (Similar volumes on the 
other body systems are promised for the 
future.) Descriptive text for each of the 64 
plates covering the anatomy of the spinal 
cord, the central nervous system, and the 
pathology of the brain and spinal cord is 
written by Dr. Abraham Kaplan; that for 
each group of 20 plates on functional neuro- 
anatomy and the autonomic nervous system, 
respectively, is by Dr. Gerhardt von Bonin 
and Dr. Albert Kuntz. 

This is an atlas-text which can be recom- 
mended to every entering medical student for 
it will be useful throughout his medical cur- 
riculum; and later in his practice. Notation 
must be made, however, that on page 37 
the text is obviously wrong in stating the 
course of the posterior spinal artery as “down- 
ward in the midline of the dorsal surface of 
the spinal cord”; its correct course is beauti- 
fully illustrated and described on page 53 
(Plate 30). The only other inconsistency 
noted by the reviewer is the different innerva- 
tion of the lachrymal gland as shown on Plate 
20 from that on Plate 54. The representation 
on the latter plate will probably be more gen- 
erally deemed correct. Except for these points, 
Dr. Netter’s illustrations and the textual ma- 
terial alike provides a concise yet compre- 
hensive coverage of a complex and oftentimes 
controversial subject. N. B. 


DERMATOLOGIC ForMuLARY. Edited by 
FrANces Pascuer, M.D., New York Skin 
and Cancer Unit of the New York Univer- 
sity Hospital and the Department of Der- 
matology and Syphilology of the New York 
University Post-Graduate Medical School. 
Revised, 1953. Pp. 150. New York: Paul B. 
Hoeber, Inc., 1953. Price, $3.00. 

IF ONE assumes the need for a dermatologic 
or other formulary for instructional or eco- 


( 708 ) 


BOOK REVIEWS AND NOTICES 


nomic reasons, then Pascher’s Dermatologic 
Formulary is probably the best compilation of 
this sort the reviewer has seen. 
way, this small 
topical systemic 
articles for clinic use. 


In a broad 
volume covers the essential 
remedies, therapy, and 
In addition to giving 
adequate detail on the various preparations, 
a few words on the philosophy of the par- 
ticular modality described and a comprehen- 
sive index complete the volume. 

\ formulary is a rather personal matter. 
The experience of the author or authors dic- 
tates what should be included. This may ac- 
count for the absence of P.P.D. (tuberculin). 
Furthermore, a formulary should not be static. 
Coming from the institution where Compound 
F (hydrocortisone) -ointment is so highly 
regarded, the format of the present volume 
does not allow its inclusion until a completely 
new edition is made. If the book were of a 
loose-leaf type and on better paper (to with- 
stand constant use by those for whom it is 
intended) insertions could be made readily 
This type of setup would broaden the use- 
fulness of the formulary; by the addition of 
certain “pet” remedies, it could thus serve 
as the official list for any dermatologic insti- 
tution. This is as it should be since there is 


more to this Dermatologic Formulary than 
meets the eye. H. B. 
METHOD OF ANATOMY. By J. C. BorLEAu 


Grant, M.C., M.B., Professor of Anatomy, 
University of Toronto. 5th ed. Pp. 870; 862 
ills. Baltimore: Williams & Wilkins Co., 
1952. Price, $7.00. 

THERE are 18 more pages in this new edi- 
tion than in the previous one. This increase 
in the number of pages is due to the addi- 
tion of 78 illustrations and does not 
represent an increase in the volume of text 
material. There been many minor 
changes in the written material for the pur- 
pose of clarification and correction of small 
errors. Sixty-nine of the old illustrations have 
been redone either completely or in part and 
the new versions are definitely more pleasing 
to the eye and achieve a good impression 
of depth. This continues to be an excellent 
textbook presenting many basic concepts of 
anatomy and achieving a logical organization 
of material along regional lines. 
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normalizes intestinal function 
in elderly, constipated patients 


A recent study! reports constipation in 50 per cent of 133 patients 
over 60 years of age. Discussing treatment, the authors note that: 


“A tendency to hard, firm stools may be over- 
come by producing the normal laxative for 
the digestive tract, namely bile... with dehy- 
drocholic acid... .”! 


“Constipation also is an added strain [in 

hepatic cirrhosis] and should be treated with 

mild laxatives. Bile acids are preferable to bile 

salts because they . . . decrease the viscosity of 

bile. Dehydrocholic acid may be used, 3 to 5 a 
grains (0.20 to 0.30 gm.) three times a day.” 


a 


Decholin Tablets 


(dehydrocholic acid, AMES), 1. Portis, S. A., and King, J. C.: , 
3% gr. (0.25 Gm.), bottles J.AM.A, 148:1073, 1952. 

: of 100, 500, 1000 and 5000. 2. Portis, S. A., and Weinberg, 


S.: J.A.M.A, 149:1265, 1952. 


AMES 


(s Ames Company of Canada, Ltd., Toronto } 


COMPANY, INC * ELKHART, INDIANA 
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in the treatment of sick 


... to establish a more cooperative attitude in the “difficult” 


patient... to relieve anxiety and irritability ... to overcome 
“confusion” and depression . . . to revive interest in life and living 
... to encourage activity and a sense of usefulness, prescribe . . . 


DE X AM Y L* tablets and elixir 
Each ‘Dexamyl’ tablet (or one teaspoonful of elixir) contains 
Dexedrine* Sulfate (dextro-amphetamine sulfate, S.K.F.), 5 mg., 
and amobarbital (Lilly), '/2 gr. 


Smith, Kline & French Laboratories, Philadelphia 


*T.M. Reg. U.S. Pat. Off. 
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every patient with essential 
hypertension is a candidate 
for RAUDIXIN treatment 


—RAUDIXINis the drug 
touse first: 


step 1 Raudixin, 2 tablets b.i.d. 
Raudixin controls most cases | so |300 
= 
of mild to moderate hypertension, 
and some severe cases. | E |250 
= 
@ 
” 1100 
DAYS > 10 20 30 40 50 60 70 
step 2 Raudixin, 2 tablets b.i.d. 
If blood pressure is not adequately | 26 300 
controlled in four to eight weeks, 
Vergitryl (veratrum) may be added to | E [250 
Raudixin. This brings many of the remaining | .> 
patients under control. Raudixin tends to | 5 Vergitryl added 
delay tolerance to Veratrum, | ah tid 
and makes smaller dosage possible. | & L on | 
2 150 
a 100 
DAYS > 10 20 30 40 50 60 70_| 
step 3 Raud ab b.i.¢ 
For the few patients resistant to this | 2d }300 Other drugs added 
combined regimen, a more potent drug 
may be added, for example, Bistrium -Vergitryl added 
(hexamethonium). The most potent drugs, | .> = 
which are potentially dangerous, 3 i 
are thus used only as a last resortin | @ [200 
the most refractory cases. | & 
2 150 
Ven 
RAUDIXIN 
Squibb rauwolfia DAYS > i0 20 30 40 50 60 70 


50 mg. tablets containing the whole 
powdered root of Rauwolfia serpentina 


Bottles of 100 and 1000 SQUIBB manufacturing chemists to the medical profession since 1858 


Raudixin’ ‘Vergitryl’® and ‘Bistrium’ are Trademarks 
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More Rapid Absorption 


Increased Toleration 


Greater Stability 


ACHROMYCIN, a new broad-spectrum 
antibiotic developed by the Lederle 
research team, has demonstrated greater 
effectiveness in clinical trials with the 
advantages of more rapid absorption, 
quicker diffusion in tissue and body 
fluids, and increased stability resulting 
in prolonged high blood levels. 


ACHROMYCIN exhibits a broad range 


of activity against beta hemolytic strep- 
tococcic infections, E. coli infections 
(including urinary tract infections, 
peritonitis, abscesses), meningococcic, 
staphylococcic, pneumococcic and 
gonococcic infections, otitis media and 
mastoiditis, acute bronchitis and bron- 
chiolitis, actinomycosis, mixed infections 
and many viral and rickettsial diseases. 


ACHROMYCIN is now available in 250 
mg., 100 mg., and 50 mg. capsules, 
Spersoips” 50 mg. per teaspoonful 
(3.0 Gm.), Intravenous 500 mg., 250 
mg. and 100 mg. Other dose forms 
will become available as rapidly as 
research permits. 


LEDERLE LABORATORIES DIVISION 
amerrcan Cyanamid COMPANY 


30 Rockefeller Plaza, New York 20, N.Y. 


PSULES LEDERLE. 
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You can’t always tell 
a book by its cover 


A test record is taken on each 
Viso-Cardiette, just prior to packing for 
shipment, as final proof of its per- 
formance. This is Sanborn Company’s 
way of assuring the new owner that his 
instrument will record accurately the 
actual potentials encountered in clinical 
electrocardiography. 

The record shown at right is a speci- 
men of these proving tests. Not of 
physiological origin, the wave forms 
registered in this record were produced 
by an electronic device in order that a 
selected variety of voltage forms could be 
applied to the Viso, through its 
patient cable, and in this way show 
on one record that the instrument’s 
characteristics will suit these wave forms. 

Of special note in this record are 
conclusive proofs of the Viso’s complete 
suitability, such as (1) the clearly 
registered notch in the R wave, 
showing response to rapid fluctuations, 
(2) the tiny positive and negative 
deviations in the baseline, showing that 
a pulse as small as 0.02 mv can be 
recorded clearly at normal sensitivity 
levels, the level base line, and the 
S-T segment (3) recorded on the iso- 
electric line as it actually existed in 
the applied voltage. 


Complete descriptive literature on the 
Viso-Cardiette, and details of an exclusive 15-day 
trial plan will be sent gladly on request. 


@ The Viso-Cardiette'’s shipping carton is 


scientifically designed not only to provide 
safe transportation DIRECTLY to the user, 
but as the most convenient means for the 
instrument's RETURN to Sanborn Com- 
pany, should it not be satisfactory after 
the no-obligation PRE-PURCHASE test. 


In addition to providing UNDISTORTED INFORMATION, 
Viso-Cardiette records have these advantages... 


@ They are in standard rectangular 
coordinates, which means no cur- 
vatures of complexes or time 
lines, or negative time intervals 


with which to contend. 


@ They may be standardized 
during leads, as well as before. 


@ Ordinarily, “AC” is eliminated 
automatically and without a 


ground wire by means of special! 


circvits. 

@ The wide, ribbon-type baseline 
remains steady, even in locations 
where there is great fluctuation 
of line voltage. 
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PROTEIN ANABOLIC STEROID HORMONE COMBINATION 


With Combandrin, the tired. elderly patient lacking the 
metabolic support supplicd in earlier years by gonadal 
hormones can often be made stronger, more alert. For- 
mation and retention of protein are promoted, aging bone 


can be given a “new lease” on life. and mental and emo- 


tional reactions may be favorably influenced. More per- 


sons can “live”—noi merely exist—in their sixties, seven- 
ties and eighties. For. the overall results of Combandrin 
therapy (balanced androgen-estrogen steroid therapy) 


in the aged “is a lessening of the degenerative state... 
Kountz, W. B.: Ann. Int. Med. 35:1055. 1951. 


SUPPLIED: Each ce. contains 1 mg. estradiol benzoate and 20 
mg. testosterone propionate in sesame oil, for intramuscular in- 
jection. In single-dose disposable Steraject® cartridges and in 
10 ce. multiple-dose vials. 


Also. Combandrets* — androgen-estrogen combination in con- 
venient tablet form for absorption by transmucosal route. 


PFIZER SYNTEX PRODUCTS 


PFIZER LABORATORIES, Brooklyn 6, N.Y. 


DIVISION, CHAS, PFIZER & CO Inc. # TRADEMARK 


VA 
| SS 
2 
\ 
| 
¢ 
4 | 
| y 
| 


Anytime ... 


Anywhere... 


Gratifying Relief 


from Aggravating 
Urogenital 
Symptoms 


Whenever frequency, 


pain, urgency and 


straining occur... 


wherever the patient 


may be... 

P iftl age safe renital ; alvesiz 
YRIDIUM swiitly secures safe urogenital analgesia 

in patients suffering from cystitis, prostatitis, urethritis, or 


pyelonephritis. PyRipiUM is compatible with antibiotics 


or other specific, 


® 
corrective therapy. p Y | M 


(Brand of Phenylazo-diamine-py HCI) 


Pyripium is the registered trade-mark of M E R Cc K. A C O. 9 I N Cc. 


Nepera Chemical Co., Inc. for its brand of 


phenylazo-diamino-pyridine HC1. Manufacturing Chemists 
Merck & Co., Inc. sole distributor in the United States 


RAHWAY, NEW JERSEY 
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Syrup Sedulon® 'Roche, * 
although non-narcotic, is 
so effective that it can 
often be used in place of 
codeine... mild sedative 


action... pleasant taste. 
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eee for wide-spectrum 
antibacterial therapy. 
Each Gantricillin-300 
tablet provides 300,000 
units of penicillin PLUS 
0.5 Gm of Gantrisin®-- 
the single, soluble 


sulfonamide, 
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Against STAPHylococci, STREPtococci and PNEUMOcocci 


ALWAYS CONSIDER 


ERYTHROCIN* 


ORALLY EFFECTIVE 
H shi H inst these coccic infections—espe- 
ntibiotic 
a selective a tib cially indicated when patients are al- 
lergic to penicillin and other antibiotics 
or when the organism is resistant. 


A DRUG OF CHOICE 

against staphylococci—because of the 
high incidence of staphylococci resist- 
ant to other antibiotics. 


A DRUG OF CHOICE 

because it does not materially alter 
normal intestinal flora; gastrointestinal 
disturbances rare; no serious side 
effects reported. 


ADVANTAGEOUS 

because the special acid-resistant coat- 
ing developed by Abbott, and Abbott's 
built-in disintegrator, assure rapid dis- 
persal and absorption in the upper in- 
testinal tract. 


USE ERYTHROCIN 


in pharyngitis, tonsillitis, scarlet fever, 
pneumonia, erysipelas, osteomyelitis, 


pyoderma and other 
indicated conditions. 


* Trade Mark 
Erythromycin, Abbott 
Crystalline 
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"Fstrogen and androgen go together 
like ‘‘compass and pen’”’ 
to provide a dual approach 
for maximum efficiency 
ia Hf in dysmenorrhea. 
Many clinicians feel 
that these two steroids, 
i } together, as combined in 
“Premarin” with Methyltestosterone, 
uf are more effective 
j i than either one alone 
7 | a] _ in producing relief of pain 
| by suppressing ovulation. 
: Excellent results have been reported 
Y from such therapy. 


“PREMARIN. with METHY¥LTESTOSTERONE 


for combined estrogen-androgen therapy 
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Anatomy Pelvis 
and Hip Joint 


| Ovarian artery and vein 
2 \ena cava; lumbar lymph nodes 


3 tight common iliac artery 
and vein 
4 \\iolumbar ligament; branches 
«! iliolumbar artery and vein 
5 |! umbosacral ligament; superior 
uteal artery and vein 
6 \nterior sacroiliac ligament; 
ternal iliae (hypogastric) 
7 | xternal iliae artery and vein 
8 (bturator artery and vein 
9 | \ferior gluteal artery and vein 
10  \crospinous ligament; uterine 
w tery and vein 
\crotuberous ligament; vaginal 
ery and vein 


This is one of a series of paintings Crating anatomy A Lederle 


ve 


12 Inguinal ligament; internal 
pudendal artery 


13 Lliofemoral ligament; branches 
of lateral femoral circumflex 
artery and vein 


14 Lacunar ligament 


15 Lateral femoral circumflex 
artery and vein 


16 Femoral artery and vein 

17 Perforating arteries and veins 
18 Deep femoral artery and vein 
19 Great saphenous vein 

20 Aorta; ilioinguinal nerve 

21 Lateral aortic lymph nodes 

22 Lumbar nerves 

23 Hypogastric sympathetic plexus 
24 Sympathetic trunk 


25 Lateral femoral cutaneous nerve 


26 Middle sacral artery and vein; 
lumbosacral trunk 


27 Sacral nerves 
28 Femoral nerve 


29 Lateral sacral artery and vein; 
anterior sacrococcy geal ligamen 


30 Lunate articular cartilage; 
joint cavity 


31 Acetabular fat pad; 
ligamentum teres 


32 Interpubic fibrocartilage 
33 Superior pubic ligament 


34 Anterior branch of lateral 
femoral cutaneous nerve 


35 Obturator nerve 
36 Great sciatic nerve 
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Many infections attack the pelvic organs, 
as well as the surrounding bony structures. 


Aureomycin 


CHLORTETRACYCLINI 


promptly controls susceptible infections 
involving the bladder, the reproductive organs, 
the blood and lymph vessels, the pelvic 
peritoneum, the pelvic bones and the hip joints. 
The frozen pelvis and the pelvic cripple 

are becoming things of the past and 


Aureomycin bas often proved life-saving. 


LEDERLE LABORATORIES DIVISION 
AMERICAN Gyanamid COMPANY 


30 Rockefeller Plaza, New Work 20, N. D. 
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NOW 


A safe tranquilizer-antihypertensive 


Serpasil 


crBa) 


A pure crystalline alkaloid of Rauwolfia serpentina 


Serpasil, a purc, crystalline, single alkaloid of 
Rauwolfia serpentina, produces mild, gradual. sus- 
tained lowering of blood pressure without unde- 
sired effects from unknown alkaloids of the whole 
root. Other advantages: 


® Effective alone or in combination with other 
antihtypertensive agents. 
Uniform potency. 
® Predictable therapeutic results. 
® No tolerance developed, or toxic effects re- 
ported; no contraindications; no serious side 
effects. 
Virtually every hypertensive patient may be 
treated with Serpasil therapy. Prescribe this safer 
tranquilizer-antihypertensive now. Available at all 
prescription pharmacies, 


Serpasil Tablets, 0.25 mg.—0.1 mg. Bottles of 100. 


on 
Summit, New Jersey 
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BUTAZOLIDIN relieves pain and improves function in the great majority 
of arthritic patients. Its broad therapeutic spectrum makes it valuable 
in virtually all the more serious forms of arthritis. Like other powerful 
antiarthritic agents, BUTAZOLIDIN should be prescribed according to 
a controlled regimen, based on careful selection of cases, judicious 
manipulation of dosage, and regular observation of the patient. To 
obtain optimal therapeutic results with minimal incidence of side re- 
actions, physicians are urged to send for the brochure “Essential Clini- 


cal Data on Butazolidin.” 


BuTAZOLIDIN® (brand of phenylbutazone) tablets of 100 mg. 


(1) Burns, J. J., and others: J. Pharmacol. & Ex- matic Diseases 3:23, 1952. (12) Kuzell, W. C.; 


per. Therap. 106:375, 1952. (2) Byron, C. S., and 
Orenstein, H. B.: New York State J. Med. 53 :676 
(Mar. 15) 1953. (3) Currie, J. PR: Lancet 2:15 
(July 5) 1952. (4) Davies, H. R.; Barter, R. W.; 
Gee, A., and Hirson, C.: Brit. M. J. 2:1392 
(Dec. 27) 1952. (5) Delfel, N. E., and Griffin, 
A. C.: Stanford M. Bull. 2:65, 1953. (6) Domenjoz, 
R.: Federation Proc. 1] :339, 1952. (7) Domenjoz, 
R.: Internat. Rec. Med. 165:467, 1952. (8) Gold- 
fain, E.: J. Oklahoma M. A. 46:27, 1953. (9) Gut- 
man, A. B., and Yi, T.F.: Am. J. Med. 13 :744, 1952. 
(10) Kuzell, W. C.: Annual Review of Medicine, 
Stanford, Annual Reviews, 2 :367, 1951. (11) Kuzell, 
W. C., and Schaffarzick, R. W.: Bull. on Rheu- 


Schaflarzick, R. W.; Brown, B., and Mankle, E. A.: 
J.A.M.A, 149:729 (June 21) 1952. (13) Kuzell, 
W. C., and Schaffarzick, R. W.: California Med. 


77:319, 1952. (14) Patterson, R. M.; Benson, 
J. F, and Schoenberg, P. L.: U. S. Armed Forces 
M. J. 4:109, 1953. (15) Rowe, A., Jr.; Tufft, 


R. W.; Mechanick, P. G., and Rowe, A. H.: Am. 
Pract. & Digest Treat., in (16) Smith, 
C. H., and Kunz, H. G.: J. M. Soc. New Jersey 
49 :306, 1952. (17) Steinbrocker, O., and others: 
J.A.M.A, 150 :1087 (Nov. 15) 1952. (18) Stephens, 
C.- A. L.. Je., and J.A.M.A. 150 :1084 
(Nov. 15) 1952. (19) Wilkinson, E. L., and 
Brown, H.: Am. J. M. Sc. 225:153, 1953. 


press. 


others: 


GEIGY PHARMACEUTICALS 
Division of Geigy Chemical Corporation 


220 Church Street, New York 13, N. Y. 
In Canada: Geigy (Canada) Limited, Montreal 


BU-28! 
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“SHARP 
DOHME 


DIVISION OF MERCK & CO. Ine 


PHOTOGRAPH BY PAUL RADKA! 


From 6 to 60... the preferred dosage form 
RE DIsSsOL 


CRYSTALLINE VITAMIN Bi2 


ACTIONS AND USES: REDISOL offers the versatile 
itamin B,, in all the practical dosage forms. 
(he soluble tablets are a convenient oral dosage 


or therapy in certain cases of anemia (such ° 


S nutritional macrocytic anemia). Children 
ke to take Repisov Elixir, and it is particularly 
seful for compounding prescriptions. REDISOL 


‘njectable provides more potent dosage strengths 


or use in selected anemias and for the relief 


of pain in certain neuritic conditions (such as 
trigeminal neuritis), and also in some vascular 
disorders. 

suppLieD: In many forms—RepIsoL Tablets, 25 
and 50 mcg. in bottles of 36 and 100. REDISOL 
Injectable, 30 and 100 meg. per ce. in 10 cc. 
vials—and now 1,000 mcg. per cc. in 1 ce. vials. 
Elixir, 5 mcg. per 5 cc. in pint SpasaveR® and 
gallon bottles. 
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“It's so good to be back 
on the job, doctor” 


AA 


TABLET 


NEOHYDRI / 


\ 
/ 
NORMAL OUTPUT OF SODIUM AND eins Pa 


BRAND OF CHLORMERODRIN 


j 
PRESCRIBE NEOHYDRIN whenever there is retention ——_ 
of sodium and water except in acute nephritis 
and intractable oliguric states. You can balance 
es the output of salt and water against a more 
physiologic intake by individualizing dosage. From one 
to six tablets a day, as needed. 


PRESCRIBE NEOHYDRIN in bottles of 50 tablets. 
There are 18.3 mg. of 3-chloromercuri-2-methoxy-propylurea 
in each tablet. 


pe ( akestdlé LABORATORIES, INC., MILWAUKEE 1, WISCONSIN 
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Doctor, would it be helpful to you in your 


practice to know that there is a food avail- 
able at reasonable prices in the stores the 
year round having these attributes: 


1. One of the best “protective’’ foods with a 
well-rounded supply of vitamins and minerals. 
2. Low sodium— very little fat—no cholesterol. 
3. One of the first solid foods fed babies. 

4. Useful in bland and low-residue diets. 

5. Mildly laxative. 


6. May be used in the management of both 
diarrhea and constipation. 


7. Can be used in reducing diets. 
8. Can be used in high-calorie diets. 


9. Useful in the dietary management of celiac 
disease. 


10. Useful in the dietary management of idio- 
pathic non-tropical sprue. 


11. Useful in the management of diabetic diets. 
12. Valuable in many allergy diets, 

13. A protein sparer. 

14. Favorably influences mineral retention, 


15. Useful in the management of ulcer diets. 


FOR THE NAME OF THIS FOOD, PLEASE TURN THE PAGE 
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_ ‘The answer is 
BANANAS 
If you would like 


1. The authority for any of the statements 
made on the preceding page... 


2. Additional information in connection 


with any of them... 


3. The composition of the banana... 
4. The nutritional story of the banana... 


5. Information on various ways to prepare 


or serve bananas. 


Please feel free to write to 


Director, Chemical and Nutrition Research 


United Fruit Company 


PIER 3, NORTH RIVER, NEW YORK 6, N. Y. 


@ Increases Coronary 
Flow Without Increased 
Myocardial Load or 
Change in Heart Volume. 


KHELLIN 


{Crystalline} 


@ Effective in Angina 
Pectoris, Chronic Cor 
Pulmonale, Chronic 
Arteriosclerotic Coronary 
Disease. 


Supplied in Tablets 
of 20 and 50 mg. 


Literature Available 
on Request. 


371 Pages. 


NEW BOOK 
DELARIO 


Roentgen, 
Radium and 


Radioisotope Therapy 


By A. J. DELARIO, M.D. 


Member of the American College of Radiology 
American Board of Radiology; Radiological -So 
ciety of North America; Head of Therapeuti 
Radiology, St. Joseph’s Hospital, Patersopy N. ] 


65 Illustrations. 
155 Tables. $7.50 


LEA & FEBIGER 


WASHINGTON SQUARE, PHILADELPHIA 6, P i. 
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cough control 
plus 
bronechodilatation: 


Orthoxicol 


Each ec. ¢ inst 
O8, Trademark Reg. U.S. Pat. Off. 
Dihydrocodeinone Bitartrate 0.365 mg. 


Orthoxine (methoxyphenamine,* 
Upjohn) Hydrochloride...... 3.38 mg. 


Hyoseyamine Hydrobromide .. . 0.02 mg. 


* Beta-(ortho-methoxypheny])- 


isopropyl-methylamine 
| 


Available in pint and gallon bottles 


the Upjohn Company, Kalamazoo, Michigan 
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the 


compound 


against 
motion sickness 
ina 


daily dose 
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st 


with tablets 


of Hew 


we ere 


you can travel from... 


nm to Ba angkok —aq 2 day trip 


..with new freedom from airsickness 


new) 


Bonamine is the only motion-sickness preventive which is 
effective ina single daily dose. Just two 25 mg. tablets (50 mg.) 
will provide adequate protection against all types of motion 
sickness — car or boat, train or plane — for a full 24 hours in 


most persons, 


* 


BRAND OF PARACHLORAMINE HCI 


| ~ 
Clinical studies have shown, in case after case, that rela- 
tively few of the patients experienced the usual side effects 
observed with other motion-sickness remedies: less drowsi- 


ness, dullness, headache, dryness of the mouth, etc. 


25 mg. tablets, bottles of 100, 


PFIZER LABORATORIES Division, Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. 
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eading 
gastroenterologists 


recommenda: 


rest 

sedation 

antacids 
nonirritating diet 
anticholinergics 


Gilba 


Anmntreny 


for your 
peptic ulcer 


patients... 


bromide 


New High Potency 
Anticholinergic with 


No Bitter Aftertaste 


As adjunctive therapy in your standard peptic ulcer regimen*, 
Antrenyl offers potent anticholinergic action to inhibit motil- 
ity of the gastrointestinal tract and gastric secretion 


Although Antrenyl is one of the most potent of all anticholin- 
ergic agents, it rarely causes esophageal or gastric irritation 
and has no bitter aftertaste. In individualized doses, it is well 
tolerated and side effects are absent or generally mild. 


In one study’ patients receiving Antrenyl obtained relief from 
acute symptoms within 24 to 36 hours. Dosage was individu- 
ally adjusted at 5 to 10 mg. four times a day. Side effects were 
adjudged less pronounced than those of other similar agents 
ordinarily used in the management of peptic ulcer. 


Prescribe Antrenyl in your next case of peptic ulcer and 
spasm of the gastrointestinal tract. Available as tablets, 5 mg., 
scored, bottles of 100; and syrup, 5 mg. per teaspoonful (4 
cc.), bottles of I pint. 


Ciba Pharmaceutical Products, Inc., Summit, N. J. 


1. Rogers, M. P., and Gray, C. L.: Am. J. Digest. Dis. 19:180, 1952. 
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Taste Toppers » « « that’s what physicians and 


patients alike call these two 


for all ages favorite dosage forms of = 
ra Terramycin because of their 
unsurpassed good taste. 
They're nonalcoholic — a treat 
for patients of all ages, 
with their pleasant raspberry 
taste. And they’re often the 
dosage forms of first choice 


for infants, children and Fe 


adults of all ages. 


q 


‘Perramycin 


Pediatric Drops 


Each ce. contains 100 mg. of pure 
crystalline Terramycin. Supplied in 
10 cc. bottles with special dropper 


calibrated at 25 mg. and 50 mg. 


men*, May be administered directly or mixed 

motil- with nonacidulated foods and 
liquids. Economical 1.0 gram size 

ein. often provides the total dose required 

itation for treatment of infections of average 

is well severity in infants. 
Supplied: Bottles of 1.0 Gm. 

f from 

lividu- Oral Suspension (Flavored) 

s were Each 5 ce. teaspoonful contains 250 mg. 

agents of pure crystalline Terramycin. Effective f 
against gram-positive and gram-negative 

er and bacteria, including the important 

5 me. coli-aerogenes group, rickettsiae. 

ful (4 certain large viruses and protozoa. . 
Supplied: Bottles of 1.5 Gm. 

Pfizer PFIZER LABORATORIES, Brooklyn 6, N. Y., Division, Chas. Pfizer & Co., Inc. 
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a new oral antimenorrhagic 


CHLORIDE 


(TOLONIUM CHLORIDE, ABBOTT) 


In a clinical study' of 63 hypermenorrhea cases, Blutene 


helped 60 patients out of 63 


Ad 4 
VAG} 
Vite 
15 
j BS: 
TRADE MARK 
Good 


Ix cuinican TESTS, Lathrop and Carlisle! treated 63 women tor 


hypermenorrhea, using the new BLureNe therapy. Dosage was oral, 
at home. Each patient took one 100 mg. tablet of BLUTENE 


after meals, 3 times daily, for the duration of bleeding. 


Results were noteworthy: 45 patients reported “‘good”’ results, 
15 “fair,” 3 “poor.” Only 2 patients in the “good” group had 
recurrences. The authors conclude the treatment to be effective in 


selected patients.* 


*IMPORTANT: 


A NEW IDEA 


BLUTENE is a new concept in menotherapy. The drug bears no 


structural resemblance to any existing antimenorrhagic. It is nonhormonal. 
It neutralizes excess heparin-like substances, often to end symptoms 
within one course of treatment? (although long-standing cases may require 
longer treatment). Side effects are usually minor'*3.4 and often absent. 
If tenesmus or burning on urination occur, these side effects are ordinarily 
relieved by increasing the patient’s fluid intake; if persistent nausea is 
encountered, smaller dosage may be better tolerated and still prove effective. 
BLurene has been eftective in some cases where estrogens, 
thyroid extract, curettage, etc. have failed.? 
Provided in sugar-coated, brown, 100-mg. tablets, bottles of 25 and 100, 
WRITE TODAY for complete descriptive literature. 

4 
Abbott Laboratories, North Chicago, Illinois. C1. bre tt 


1. Lathrop, C. A., and Carlisle, W. T., Oral Toluidine Blue in the Treatment of Hypermenorrhea, 
Amer. J]. Obst. & Gynec., 64-1376, December, 1952. 2. Rumbolz, W. L., Moon, C. F., and Novelli, J.C 
Use of Protamine Sulfate and Toluidine Blue for Abnormal Uterine Bleeding, Amer. J. Obst. & 
Gynec., 63:1029, May, 1952. 3. Priddle, Harold, Discussion of Rumbolz et al., Amer. J. Obst. 

& Gynec., 63:1036, May, 1952. 4 Bickers, W., Toluidine Blue—An Evaluation in the Treatment of 
Uterine Bleeding, in press, Amer. J. Obst. & Gynec 
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Fair Poor 


A product of 


Major advance in dermatitis control: 


to the control of der- 
matitides is hormonal, enlisting the antiphlogis- 
tic and antiallergic potency of compound F— 
foremost of the corticosteroid hormones. 


is adapting corticoid therapy 
to simple inunction treatment, and obtaining re- 
lief in various forms of dermatitides within days 
—sometimes within hours. 


is Cortef Acetate Ointment 
which rapidly controls edema and erythema, 
halts cellular infiltration, arrests pruritus in such 
harassing skin problems as atopic dermatitis, con 
tact dermatitis, pruritus vulvae and ani, neuro 
dermatitis, and seborrheic dermatitis. 


Supplied: Cortef Acetate Ointment is available in 5 
Gm. tubes in two strengths—2.5% concentration (25 
mg. per Gm.) for initial therapy in more serious cases 
of dermatitis, and 1.0% concentration (10 mg. per 
Gm.) for milder cases and for maintenance therapy. 


A small amount is rubbed gently into 
the involved area one to three times a day until defi- 
nite evidence of improvement is observed. The fre- 
quency of application may then be reduced to once a 
day or less, depending upon the results obtained. 


#TRADEMARK FOR HN’S BRAN F HYDR SONE 


Upjohn 


for medicine... produced with care.. 


THE UPJOHN COMPANY, KALAMAZOO, MICHIGAN 
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Acetate 
Ointment 


. designed for health 
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Available 

in vials of 1 Gm. 
and 5 Gm., dry 
powder for 
preparation of 
solutions for 
intramuscular 
injection. 


also, 
Streptomycin Sulfate — ary powder a 


= 


Streptohydrazid* — a crystalline comp 
Cotinazin” — brand of isoniazid 
Viocin® Sulfate— brand of viomycin, 


Drug therapy for the 
management of tuberculosis 
continues to advance at a rapid 
pace. In keeping with the 
latest improvement —which 
promises a substantially 
lower incidence of vestibular 
and auditory toxicity — Pfizer 
has made available a new 
combination of streptomycin 
and dihydrostreptomycin — 


Recent clinical studies! have 
shown that such a combination, 
one-half streptomycin and 
one-half dihydrostreptomycin, 
gave rise to a significant 
reduction in neurotoxic side 
effects as compared to equivalent 
dosage of either drug used 
alone, even though administered 
over the prolonged treatment 
periods required for the 

control of tuberculosis. 


Combistrep offers these benefits 


to the tuberculous patient 


with the further assurance that 


its purity is of the same high 
standard typical of all 


Pfizer pharmaceuticals. 
1. Heck, W. E,: Reduced Ototoxicity by Combined 
Streptomycin-Dihydrostreptomycin Treatment of 


Tuberculosis, Scientific Exhibit 317, 102nd Annual 
ting A.M.A., New York, June 1-5, 1953. 


Me 
nd solution 


Dihydrostreptomycin Sulfate — ary powder and solution 


ound combining streptomycin and isoniazid 


for resistant cases of tuberculosis 


STREF iN AN 
= 
| 
Phizep) pr 
JCF) Pfizer Laboratories, vivision, cHas. PFIZER & CO., INC., BROOKLYN 6, N.Y. 
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ERATRUM ALBUM, a spe- 
cies of }eratrum indigenous 
to southern Europe, yields the ester 
alkaloid ‘Provell Maleate.” ‘Provell 
Maleate’ is many times more potent 
than the mixture of substances from 
which it is isolated. Its uniformity 
and purity permit better control of 
the hypertensive patient than is pos- 
sible with mixtures of alkaloids. 
Hoobler* states that protovera- 
trine is superior to the alkaloids from 
Veratrum viride in that blood pres- 
sure can be reduced from six to eight 
hours daily without producing nau- 


vomiting, or tolerance to the 


sea, g, 
medication. The purity of the alka- 
loid allows for the accurate dosage 
so necessary to continuing good re- 


sults over extended periods of time. 
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NEW 


hypotensive 


agent 


Careful adjustment of the dosage 
schedule to fit the need of each pa- 
tient is mandatory. Overdosage may 
result in distressing, although usu- 
ally not serious, symptoms. ‘Provell 
Maleate’ is a potent drug to be ad- 
ministered only under the close su- 
pervision of a physician. 

*Provell Maleate, 0.5 mg., is avail- 
able in cross-scored tablets (to facili- 
tate careful individualization of dos- 
age) in bottles of 100. Your pharma- 
cist has it. Be sure to evaluate care- 
fully this important hypotensive 
drug. Ask the Lilly representative 
...or write Eli Lilly and Company, 
Indianapolis 6, Indiana, | 
for more complete pharmacologic 
and clinical data. 


* Annals of Internal Medicine, 37:465, 1952. 


PROVELL MALEATE 


(PROTON ERATRINE A AND B MALEATES, LILLY) 


lowers blood pressure 


~ 


consistently, safely 
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Tridione’. 


-Paramethadione, Abbott) 


Phenurone® - 


Paradione’ 


First successful synthetic agent—now 
agent of choice—for the symptomatic 
control of petit mal, myoclonic jerks and 


akinetic seizures. 


A new drug of low toxicity for grand mal, 
petit mal, myoclonic and mixed seizures. 
Effective in conditions symptomatic of 


organic brain damage. 


Homologue to Triptone. An alternate 
preparation which is often effective in 
cases refractory to TRIDIONE therapy. 


For treatment of the petit mal triad. 


A potent anticonvulsant for psychomo- 
tor epilepsy, grand mal, petit mal, and 
mixed seizures. Often successful where 


all other forms of therapy have failed. 


... for INDIVIDUALIZED anticonvulsant therapy 


In epilepsy, the highly individual phenomena and their response 


to treatment indicate the need for individualized treatment. 


Help in accomplishing this is offered by these four modern anti- 


convulsants. Each is a dramatic advance in anti-epileptic medicine. 


Each has specific uses, advantages. With them, you may add 


‘inestimably to the scope and progress of your treatment by fitting 


the drug to the seizure. Remember these names. Use them wisely, 


carefully. But first — please — won't you write for 


literature? Abbott Laboratories, North Chicago, Ill. Obbott 
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BOOKS FOR THE INTERNIST 


DISEASES OF THE LIVER 

MITCHELL A. SPELLBERG, M.D. 
This definitive volume presents a well-rounded view of all liver diseases, rare 
and common, brought completely up to date. Diagnosis, differential diagnosis, 
and treatment (both operative and nonoperative) are detailed, and the text is 
illustrated fully. Effects on the liver of various diseases (e.g., arthritis, heart 
disease, tuberculosis) are discussed thoroughly. 
(in press, about 800 pp., 93 illus., about $15.00) 


ACUTE PULMONARY EDEMA 
MARK D. ALTSCHULE, M.D. 


3 Dr. Altschule, in this practical monograph, evaluates current concepts of this 
syndrome, by a thorough study not only of clinical phenomena, but also of 
available physiologic data. All phases, including treatment, are considered in 
logical detail. 

(80 pp. $3.50) 


DIGITAL PLETHYSMOGRAPHY 
GEORGE E. BURCH, M.D. 
This monograph is concerned primarily with recent experimental studies and 
the development of a new method for recording continuously, during a pulse 
cycle, the rate of blood flow into and out of the digit of man. The volume is 
extremely well illustrated. 
(January, about 160 pp., 83 illus., about $5.00) 


Rh-Hr BLOOD TYPES: Applications in Clinical and Legal Medicine and 
Anthropology 


ALEXANDER S. WIENER, M.D. 


In this volume, the key papers and articles by the co-discoverer of the Rh factor 
are gathered together for the first time, affording the reader an ideal opportunity 
for review and appraisal. This is an invaluable book for pathologists, gyne 
cologists, obstetricians, and all who deal with the blood. 

(786 pp., 43 illus., $11.50) 


AN Rh-Hr SYLLABUS: The Types and Their Applications 
ALEXANDER S. WIENER, M.D. 


This monograph presents an up-to-date summary of the subject in compact, 
easily understandable form, which will enable the nonspecialist to read and 
understand without difficulty current articles on the subject, no matter how 
complex. 

(96 pp., 8 illus., $3.75) 


J 


\ [] Spellberg ($15.00) [] Burch ($5.00) [ Wiener-Syllabus ($3.75) 
= 
| Altschule ($3.50) [] Wiener-Types ($11.50) 
o Check enclosed Charge my account 
ow Name 
0 Address 
CC12 


381 Fourth Avenu 
New York 16, N. 
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than this very Journal which you are now reading? 
What easier way of doing your Christmas shopping than right 
from your own office or easy chair? 

Professional men appreciate a professional journal. The American 
Journal of the Medical Sciences, from its inception in 1820, has restricted 
its pages to scientific material. Throughout this long period it has kept 
a steady pace with advancing medical knowledge. Its files are an author- 
itative record of American medical progress. 

When you give The American Journal of the Medical Sciences to your 
professional friends you pay them a compliment greater than words 
can say. Seldom does such a preferred gift cost so little. 

List below, or on a separate sheet of paper, the names and addresses 
of those to whom you would like to send, as gifts, The American Journal 
of the Medical Sciences. We will enclose appropriate gift cards and 
bill you later at $10.00 per annual subscription. (Two years for $18.00). 
One year subscription to Canada, $10.36. All other countries $11.02 
Time is growing short. Mail the coupon today. 

Note: If any of the doctors you indicate are already subscribers, 
we will extend their subscriptions and notify you accordingly. 


\\ HAT better gift to give to your Doctor friends and associates 


“] receive sixteen journals a month and The American Journal 
of the Medical Sciences is by far the best.”—M.D., Illinois. 


Washington Square 
A B I G R Philadelphia 6, Pa. 
Piease enter subscriptions to THE AMERICAN JOURNAL of the MEDICAL SCIENCES for the following: 


{ year 
= 

) Check enclosed C) Bill me at 30 days () Charge my account 


A.J. M.S. 12-53 
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Announcing Pbbcalton o 


NEW SECOND EDITION 


Anderson's 


Very few in medicine need an introduction to Anderson's 

PATHOLOGY. For this is the book which was referred t 

C by all reviewers in its original edition as “excellent” 
otta orators: just another textbook of general pathology” and they all 

ARTHUR C. ALLEN, M.D., New York recommended it unreservedly to all who are interested in 


COLONEL J, E. ASH, M.D.. the problems of disease 
Bethesda, Marylan 
ROGER DENIO BAKER, M.D., Its value lies in the unusual amount of useful informa 


Durham, N rth Car iimd 
WILLIAM H. Bauer, B.S., in Med., 
M.D., D.D.S., St. Loui 


tion ordinarily gleaned only by extensive reading throug! 
many books. And because of its constant emphasis in relating 


GRANVILLE A. BENNETT, B.S., M.D., Chicag the postmortem findings to antemortem clinical findings an 
Epwarb L. Burns, M.D., Toledo. Ohi disturbances of function 


PauL R. CANNON, M.D., Chicas 
E. V. Cowpry, Ph.D., St. Loui 
CHARLES E, DUNLAP, A.B., M.D., 
New Orlean 


The book's value is further enhanced by the number or 
collaborators, each writing in his own field of pathology, and 


F. D. Gunn, A.B., M.D., Ph.D., selected for his competence, with all material carefully 
Salt Lake City edited by Dr. Anderson 
ERNEST M. HALL, M.S., M.D., F.A.C.P., 
In th 1 ed bject hanged 
Beta HALPER’, M.D., Houston nN this second ition, its objectives remain unchange 
Howarp C. Hopps, M.D., Oklahoma Cit) —but all of it has been brought up to date. Certain subjects 
Water W. Jeter, M.S., M.D., Boston have been given greater emphasis and others have been 
PAUL KLEMPERER, M.D., New York shortened for balance or for the importance of various 
ENRIQUE KoppiscH, M.D., F.A.C:P., 
diseases or disease processes 
JOHN E. Kraus, M.D., New York 
JosepH K. Kuzma, B.S., M.D., M.S., It remains factual and orderly in presenting pathology 
Milwaukee to the student—and to the practicing physician who con 


MADGE THURLOW MACKLIN, A.B., M.D.. 
LL.D., Columbus, Obi 
MoRTON MCCUTCHEON, M Philadelphia 
Jerr MINCKLER, Ph.D., M.D., 

Portland, Oregon 

Vircit H. Moon, A.B., M.Sc., M.D., 
ilad: ip Pia 

ALAN R. Moritz, M.D., Cleveland, Ohi 

S. B. Pesstn, M.D., Milwaukee 

HENRY PINKERTON, M.D., St. Lowi 

EpGAR R. PuNb, A.B., M.D., F.A.( P., 
Augusta, Georgia 

Maurice N. RicuTerR, B.S., M.D., New York 
JOHN A. Saxton, Jr., A.B., M.D., St. Loni 
JOHN R. SCHENKEN, B.S., M.D., Omaha 
WALTER SCHILLER, M.D., Chicas 

SHIELDS WARREN, M.D., Boston 
THEODORE WINSHIP, M.D.. W’a hington, D. C., 


tinues to be a student of pathology 


Edited by W. A. D. ANDERSON, M.A., M.D., F.A.C.P. 


Professor of Pathology and Chairman of the 
Department of Pathology, University of Miami 
School of Medicine: Director of the Pathology 
Laboratories, Jackson Memorial Hospital, Miami. 
Formerly Professor of Pathology, Marquette 
University School of Medicine. 


Second Edition © 1393 Pages, 1241 Illustrations (10 in Color) 
PRICE $16.00 
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THE C. V, MOSBY COMPANY, 3207 WASHINGTON BLVD., ST. LOUIS 3, MISSOURI 
Please send me: 
Anderson's PATHOLOGY—$16.00. 
Enclosed find check. 
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Castrointestinal 


Diagnosis 


By MAX.RITVO, M.D. and I. A. SHAUFFER, M.D. 


Assistant Professor of Radiology, Harvard Instructor in Radiology, Harvard Medical 

Medical School; Instructor in Radiology, School; Instructor in Radiology, Tufts 

Tufts Medical School; Director, Dept. of Medical School; Visiting Radiologist, 
Radiology, Boston City Hospital Boston City Hospital 


T IS now recognized that the gastrointestinal tract is one of the most important 
fields of study in diagnostic roentgenology and that no clinical examination of 
the alimentary canal is complete without roentgen studies. When properly 

performed, such an examination supplies important data which can be obtained 
in no other way. 


The main portions of the book, and its principal emphasis, are concerned with the 
description, discussion, and evaluation of the roentgen manifestations on the basis 
of which a diagnosis can be established. The x-ray diagnosis is considered from 
the background of the disease as a whole. Pathological and clinical aspects of eack 
subject are integrated with the roentgen findings and given in such detail as con- 
sidered necessary for a complete understanding of the subject. Technical aspects 
of the roentgen examination are included, and routine and special methods of 
study are described fully. 


The book is profusely illustrated with reproductions of roentgenograms which 
depict practically all of the lesions described in the text. The x-rays are reproduced 
as the original negatives, thus eliminating the reversals of black and white shadows 
which result in confusion and lack of sharpness of detail. 


Separate chapters are devoted to the pharynx and esophagus; stomach; duodenum; 
jejunum and ileum; colon; appendix; gallbladder and liver; pancreas, spleen mesen- 
tery, omentum, peritoneum and abdomen; and to hernias. The material is largely 
from the files of the Boston City Hospital and also includes pertinent cases from 
the authors’ private practices. It-represents an experience of thirty years devoted 
to roentgenology as utilized in the diagnosis and treatment of disease. 


838 Pages, 7” * 10”. 470 Illustrations, 
2 in Color. $20.00 
(Published June, 1952) 
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Capt. Lewts L. Mittett 
USA 


Lr. Cor. R. R. Myers 


USMC 


Prc. H. A. Carrerata, Jr. 
USMCR 


In all, 104 men have won the Medal of Honor in Korea. The 
men here stand as representatives of them—and of all the 
service men and women to whose devotion we in America owe 


our security this Christmas of 1953. 


T Ser. R. S. Kexnemone 
UsMC 


Lr. Tuomas Huoner, Ja. 
USN 


their Christmas Wish for us! 


M/Ser. Haroto E. Witson | 
USMCR 


THESE are some of the bravest men on earth. Yet these young 
holders of the Medal of Honor were never fighters for the love 

of fighting. They are men of war with a dream of peace. 

They want a world in which small wide eyes can gaze in rapture 
at a tinselled tree. Where a happy Christmas is a child’s inalienable 
right — because fear and force have at last given way to peace and 
law and goodwill. They have fought ably for peace, with courage 
“above and beyond the cali of duty.” Can we, at home, do 
something for it, too? 


Yes. Beginning now, each of us who earns can put some part of 
his earnings into United States Defense Bonds. For by these Bonds 
we make our own families secure, first of all. Then, out of the 
security of our families, we build the strength of America— 

to stay at peace in a world where peace still is only for the strong. 
You can invest in Defense Bonds best through the Payroll 
Savings Plan where you work or the Bond-A-Month Plan 

where you bank. Won’t you begin—today? 


The U.S. Government does not pay for this advertisement. It is donated by this publication in cooperation with 


the Advertising Council and the Magazine Publishers of America. 
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An Outstanding Complement to Bergey's Manual. . . 


Guide to the Classification and Identification of the 


ACTINOMYCETES 


and Their Antibiotics 


By SELMAN A. WAKSMAN, Professor of Microbiology, Rutgers Uni- 
versity; and HUBERT A. LECHEVALIER, Assistant Professsor 
of Microbiology, Rutgers University 


Rapid progress during the last few vears in screening the Actino- 
mycetes, especially genus Streptomyces, chemotherapeutic use of 
their antibiotics, and numerous descriptions of new species have 
created a definite need for this book. 


Prepared primarily to facilitate the work of the student in this field, 
this guide is a detailed presentation of the systematic position of 
the Actinomycetes and their antibiotics. Advantage has been 
taken of progress in classification made by Orskov, Jensen, Waks- 
man and Henrici, Erikson, and Krassilnikov. 


Part | covers the classification and description of the genera Strepto- 
myces, Nocardia, Micromonospora, Actinomyces, and the recently 
added Thermoactinomyces. Classification of certain important 
group-species of Streptomyces is carefully examined from the 
point of view of antibiotic production. 


Part Il considers the production and description of the antibiotics 
produced by the Actinomycetes. Two keys to their identification 
are included. 

Selected general references 

Separate indexes for species and antibiotics 


260 pages $5.00 


THE WILLIAMS & WILKINS COMPANY 
Mt. Royal and Guilford Aves. Baltimore 2, Maryland 
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THE MOST VEXING PROBLEM OF YOUR PRACTICE 
ANSWERED FULLY IN 


Bonica— The Management ot 


PAIN 


With Special Emphasis on the Use of Analgesic Block in Diagnosis, 
Prognosis and Therapy 
JOHN J. BONICA, M.D. 


Director, Department of Anesthesia, Tacoma General and Pierce County Hospitals; 
Clinical Associate, Department of Anatomy, University of Washington 
Medical School, Seattle 


ENTIRELY NEW! JUST PUBLISHED! 


Tells How to Relieve Distress Arising From Virtually Every Condition 
Which Causes Superficial to Intractable Pain 


New. 1533 Pages, 7” « 10”. 785 illustration on 444 Figures. $20.00 


Washington Square LEA & FEBIGER Philadelphia 6, Pa. 


INDEX TO ADVERTISERS 
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ORAL PENICILLIN IS AT ITS BEST 


WHEN IT 
7 RELIABLY 


**.. . the first oral preparation of penicillin which has 


<a in our experience been reliably absorbed in 100°; 


aneonees of patients, irrespective of size and weight and using 


a standard dose of 300,000 units. . . [it] was given 
irrespective of the time of meals and whether the 
stomach might be full or not’’!; . . . “may be given 
without regard to meals.. 


WHEN ITS 
THERAPEUTIC “The results presented indicate that the oral peni- 


EFFECTIV 


iS ESTABLISHED 


sehen cillin suspension studied by us is a satisfactory 


antibiotic for the treatment of some of the common 
infections of the respiratory tract caused by $-hem- 
olytic streptococci” ...and uncomplicated pneu- 
monia of childhood. 


Bicillin ‘‘oral suspension is palatable, was accepted 


3 WHEN PALATABILITY without difficulty by all patients in both groups 


ASSURES 


PATIENT {children and adults] and was well tolerated.’’? 


COOPERATION 


“No children of any age have been disturbed, and 
the palatability of the product has made its admin- 
istration easy.’”! 


ieee aeamaee Bicillin is highly insoluble in water. Its aqueous 

4 ASSURES RE- suspension, ready for immediate use, is stable for 
TENTION OF 2 years at ordinary room temperature—77°F.(25°C.). 
POTENCY 


Wyeth 


R 


PHILADELPHIA 2, PA. 


Refrigeration is unnecessary. 


development of dibenzylethylenediamine dipenicillin 
is one of the important milestones in antibiotic therapy.’” 


. DIBENZYLETHYLENEDIAMINE DIPENICILLIN G e 

SUPPLIED 
s ORAL SUSPENSION BICILLIN Bottles of 2 fl. oz.: Two strengths: 

300,000 units per tsp. (5 cc.). - 

e New! 150,000 units per tsp. (5 cc.). e 

e TABLETS BICILLIN 200,000 units; bottles of 36. e 

= TABLETS BICILLIN: 100,000 units; bottles of 100. ° 


REFERENCES 

1. Cathie, 1.A.B., and MacFarlane, J.C.W.: Brit. M. J. 1:805 (April 11) 1953. 

2. Coriell, L.L., and others: Antibiotics & Chemotherapy 3:357 (April) 1953. 

3. Barach, A.L.: Geriatrics 8:423 (August) 1953. 

4. Finberg, L., Leventer, I., and Tramer, A.: Antibiotics & Chemotherapy 3:353 (April) 1953. 
5. Editorial: Antibiotics & Chemotherapy 3:347 (April) 1953. 
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CLINICAL DISORDERS 


of the 
HEART BEAT 


By SAMUEL BELLET, M.D. 


Director, Division of Cardiology, Philadelphia General Hospital; Director. Division of 
Cardiovascular Diseases, Graduate Hospital, University of Pennsylvania; ; 
Associate Profe ssor of Cardiology, Graduate School of Medicine, 
University of Pennsylvania, Philadelphia, etc. 


SSENTIAL features which have an im- 
mediate relation to clinical disorders of 
the heart beat are considered in detail 

in this helpful book. It is essentially a guide 
to diagnosis and treatment, and is based on the 
author's long personal experience with cardiac 
patients in the wards of the Philadelphia 
General Hospital. 


Dr. Bellet reviews the recent knowledge of the 
subject from the standpoint of pathophysiol- 
ogy, clinical and electrocardiographic findings, 
and the measures employed in treatment. The 
clear, concise manner of presentation, many 


NUMEROUS BOXED SUMMARIES 
STRESS IMPORTANT POINTS 
QUICKLY 
For quick reference, point-by-point 
summaries are plac 1 in. strategic 
positions throughout ne text. These 
include Diagnosis and Treatment of 
Auricular Flutter, Effect of Rapid 
Ectopic Rhythm on the Heart, Car- 
diac Arrest, Treatment of Stokes- 
Adams Seizures, Causes of Syncope, 
the Wolff-Parkinson-White Svndrome, 
and 14 other subjects of importance. 


time-saving summaries and 164 descriptive 
illustrations are skillfully combined into an 
excellent desk reference work for general practitioners, internists, cardiologists, 
anesthesiologists and surgeons. 


The subject is presented under four main headings. Section I deals with the general 
features of arrhythmias, including common symptoms and signs, pathologic 
physiology, and general principles of treatment. 


Sinus irregularities, auricular flutter, auricular tachycardia and other individual 
arrhythmias are taken up in Section IJ. Emphasis is on etiology, incidence, mecha- 
nisms, electrocardiographic interpretation, diagnosis, differential diagnosis, and 
treatment. The special problems which arise in the treatment of syncopal attacks, 
rheumatic fever, pregnancy, acute infections and arrhythmias in other clinical 
states are brought out in Section IIT. In addition to the treatment of these ectopic 
rhythms, Dr. Bellet discusses the disturbance in function that each entails. 
Section IV is devoted to a practical review of digitalis, quinidine, and procaine 
amide (Pronestyl), the three drugs most commonly used in treating disorders of 
the heart beat. The importance of this book is established immediately when it is 
considered that detection of an irregularity may be the first evidence of a patient's 
functional or organic heart ailment. 


373 Pages. 7” X 10”. 164 Illustrations and 3 Tables. $8.50 


(Published October, 1953) 
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c-TRATIO 54% 
4/y3/52 


Patient F.S. before Methium: Cardio-thoracic 
ratio 54Ce, blood pressure 240 160 mim. Hg. 


C~-T RATIO 49%, 
/2-/20/$2 


After Methinm: Cardio-thoracic ratio 499%, 
blood pressure 160/100 mm. Hg. This patient 
(F.S.) experienced no toxic side effects and 
did not lose a single day of work.’ 


Functional improvement from stabilized, 
lower blood pressure 


In the first few months of therapy, over 80 per 
cent of the patients treated with oral hexameth- 
onium have had gradual reduction in mean 
blood pressure of 20 mm. Hg or more.?:3 With 
ontinued treatment, up to or beyond a year, 
this reduction can often be maintained with no 
serious side effects and no increase in dosage.’ 


\s blood pressure is reduced, and in some cases 
ven without reduction, hypertension symp- 

toms have regressed. Retinopathy may disap- 

pear, headache, cardiac failure and kidney 
nection may improve. 


Methium, a potent autonomic ganglionic block- 
ing agent, reduces blood pressure by interrupting 
nerve impulses responsible for vasoconstriction. 
Because of its potency, careful use is required. 
Pretreatment patient-evaluation should be thor- 
ough. Special care is needed in impaired renal 
function, coronary artery disease and existing or 
threatened cerebral vascular accidents. 


1. Kuhn, P. H.: Angiology 4:195 (June) 1953. 


2. Moyer, J. H.; Snyder, H. B.; Johnson, I.; Mills, L. C., 
and Miller, S. I.- Am. J. M. Sc. 225:379 (April) 1953. 


3. Moyer, J. H.; Miller, S. I., and Ford, R. V.: J.A.M.A, 
152:1121 (July 18) 1953. 


Methium 


CHLORIDE 


(BRAND OF HEXAMETHONIUM CHLORIDE) 


WARNER-CHILCOTT 
Laboratories 


NEW YORK 
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ere Cenirel 
of Nausea & Vomiting 


PREGNANCY 
ANESTHESIA 


RADIATION SICKNESS 


MOTION SICKNESS 


ae combination exerting synergistic action: 


e depresses the cerebral vomiting reflex 


¢ prevents parasympathetic overstimulation which causes 
salivation and gastric hypersecretion 

e produces gentle sedation to alleviate nervousness 
and apprehension 

e allays local gastric irritation 


¢ provides B vitamins found especially useful in nausea 
and vomiting 

Luminal® 15 mg 
Small, Atropine sulfate 0.1 mg. 

easy-to-take Scopolamine hydrobromide 0.2 mg. 


tablets: Benzocaine 0.1 Gm 
Riboflavin 4 mg. ¥ 


Pyridoxine 2.5 mg. = 
Nicotinamide 25 mg. aS 


Bottles of 100 tablets. 
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Highly effective (up to 88.2%*) 
antiernetic 


Apolamine and Luminal WINTHROP-STEARNS INC. 


(brand of phenobarbital), . 
trademarks reg. U.S. Pat. Off. , New York 18, N. Y. * Windsor, Ont. 
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